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PREFACE TO THE SERIES 


In the course of nearly cvcrj' program of research in organic chemistry 
the investigator finds it neccfisarj- to use several of the better-known 
ej'nthctic reactions. To discover the optimum conditions for the appli- 
cation of even the most familiar one to a compound not previously 
eubjected to the reaction often requires an extensive search of the liter- 
ature; even then a series of experiments may be nccessarj'. When the 
results of the investigation arc published, the synthesis, which may 
have required months of work, is usually described without comment. 
The background of knowledge and c.xperiencc gained in the literature 
search and e.xpcrimentation is thus lost to those who subsequently have 
occasion to apply the general method. The student of preparative or- 
ganic chemist^' faces similar difficulties. The te.xtbooks and labora- 
tory manuals furnish numerous examples of the application of various 
aynthcscs, but only rarely do they convey an accurate conception of the 
scope and usefulness of the processes. 

For many years American organic chemists have discussed these prob- 
lems. The plan of compiling critical discussions of the more important 
reactions thus w'as evolved. The volumes of Organtc Reactions ere col- 
lections of chapters each devoted to a single reaction, or a definite phase 
of a reaction, of wide applicability. The authors have had experience 
with the processes surveyed. The subjects are presented from the pre- 
parative viewpoint, and particular attention is given to limitations, in- 
terfering influences, effects of structure, and the selection of experimental 
techniques. Each chapter includes 8c%*enil detailed procedures illustrat- 
ing the significant modifications of the method. Most of these proce- 
dures have been found satisfactorj’ by the author or one of the editors, 
but unlike those in Organic Syntheses they have not been subjected to 
careful testing in tw*o or more laboratories. When all known examples 
of the reaction are not mentioned in the text, tables are given to list 
compounds which have been prepared by or subjected to the reaction. 
Everj’ effort has been made to include in the tables all such compounds 
and references; however, because of the very nature of the reactions dis- 
cussed and their frequent use as one of the several steps of syntheses in 
which not all of the intermediates have been isolated, some instances 
may well have been missed. Nevertheless, the investigator will be able 
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to use the tables and their accompanying bibliographies in place of most 
or all of the literature search so often required. 

Because of the systematic arrangement of the material in the chapters 
and the entries in the tables, users of the books will be able to find in- 
formation desired by reference to the table of contents of the appropriate 
chapter. In the interest of economy the entries in the indices have been 
kept to a minimum, and; in particular, the compounds listed in the tables 
are not repeated in the indices. 

The success of this publication, w^hich will appear periodically, de- 
pends upon the cooperation of organic chemists and their willingness to 
devote time and effort to the preparation of the chapters. They have 
manifested their interest already by the almost unanimous acceptance 
of invitations to contribute to the work. The editors will welcome their 
continued interest and their suggestions for improvements in Organic 
Reactions. 
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INTRODUCTION 

The thermal conversion of aryl N-arylbenzimidates to N-aroyldiphenyl- 
OAr O At 

1 I! / 

At" — C=X — A r' Ar"— C— N 

\ 

Ar' 


amines is known as the Chapman rearrangement. The rearrangement 
was discovered by Mumm, Hesse, and Volquartz who, in 1915, described 
the rearrangement of the parent compound, phenyl H-phenjdbenzimidate, 
to N-benzoyldiphenylamine.^ No further examples of the reaction were 
reported until 1925, when Chapman’s first study Avas published. ^ Since 
he not only studied the mechanism of the reaction^ but also first used it 
as a general SATithesis of diphenylamines,^ his name is associated Anth this 
reaction.* 

The starting materials for the Chapman rearrangement have been 
referred to as imino ethers, imido esters, imidates, and by a miscellany 
of other names. We agree Anth the recommendations of Roger and 
Neilson^* and haA’C named all compounds as imidates, i.c., as esters of the 
parent imidic acid. Thus compound 1, Avhen named as a deriA'atiA^e of 

' Mumm, and A'olquartz, 48, 379 (1915). 

* Clinpmnn, J. C/irm. Soc.^ 127, 1992 (1925). 

’ Oinpmfin, Chem, Soc., 1927, 1743. 

* Chapman, J. Chrm, Sor., 1929, 5G9. 

* A bnmdor cirfiiution which inrludf''^ the r<*arrnn?r'mcnt ofolkyl imidates has Ix^cn 

\W prrh'f th»' mon* limit*'fi one for thr* followinc rea>»on?^. (1) It is in bettor accord with 
K^n^'ral litoralur»» uHn;^e; unrl Cowan an<l AA*hc*»*l^T* employ the more restricted version- 

(2) Mt'rhafsiMindly, th*> rrarran^:«'m<'nt of aryl iKnzimidat/'S is distinctly different from that 
of th«' n\kyi (3) O^nprimn him«;^>lf confim'dl his investications, with one exception, 

to nr\ l imidat#^. 
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bcnzimidic acid (2), is called p-clilorophenyl N-(p-bromopIienyl)bcnzim- 
OCgHjCl-p OH 

i I 

CgHjO=NCjHgBr.p CgH5C=NH 

I i 

idate, in accordance with Chemical Abstracts usage. When named as an 
imino ether, the compound is called N'{p-bromophenyl)ben 2 imino p~ 
cMorophenyl ether. 

We have not named the rearrangement products according to Chemical 
Abstracts, which lists the compounds as derivatives of benzanilide or 
benzamide. Since the Chapman rearrangement is used as a preparative 
method for diarylamines, we have stressed this fact by calling the initial 
products aroyldiarylamines, providing a uniform nomenclature. Sim- 
ilarly, we have named all the compounds obtained by amide hy'drolysis 
as diarylamines, even though Chemical Abstracts often uses other names. 
For example, 3 is named 2'-chlorodiphenylamine-2-carboxylic acid rather 



than N-(o-chIorophenyl)anthranilic acid. Acridones are numbered ac- 
cording to Chemical Abstracts. 

MECHANISM 

The Chapman rearrangement lias been shon n to be an intramolecular 
reaction in which a 1,3 shift of an aryl group from oxygen to nitrogen 
occurs. The reaction, which proceeds via a 4-mem bered transition state, 
may be considered as a nucleophilic attack by nitrogen on the migrating 
aryl group. 



Wiberg and Rowland show’ed that the reaction is intramolecular by 
heating a mixture of phenyl N-plienylbenzimidate (4, R = R' = H) and 
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j?*chlorophenyl N-(p-chlorophenyl)benziniidate (4, R = R' = Cl).® The 
infrared spectra and x-ray powder patterns of the reaction mixtures 
showed that the composition was the same as those obtained when the two 
imidates were heated separately and the products mixed. EarHer, 
Chapman had performed a similar experiment with a mixture of 4 
(R = R' = H) and 4 (R = R' = CH 3 ). The absence of the mixed 
product 5 (R — H, R' = CHg) in the pyrolysis product, which was 
determined only from the freezing point of the mixture, led Chapman to 
conclude correctly that the reaction is intramolecular.^ 

Chapman^ also used freezing point data to determine that the re- 
arrangement of phenyl N-phenylbenzimidate followed first-order kinetics. 
In a later paper, however, in which a large number of imidates were 
pyrolyzed, he determined the percentages of the unreacted basic imidates 
in the mixtures by titration with acid.^ Since his rate data were obtained 
using molten imidates (no solvent), the results were probably not very 
accurate. Wiberg and Rowland conducted kinetic experiments on a 
variety of imidates in diphen}^ ether, under carefully controlled conditions, 
and confirmed Chapman’s conclusion that the reaction is unimolecular.® 
Chapman studied the rates of rearrangement of several imidates 6 , 
which differed only in the substituents on the aryloxy ring.^ By far the 
most reactive was 6 (R = o-NOo) since over 40 % was rearranged in 
90 minutes at 162—163°. The next most reactive compound, 6 (R = 
2 , 4 , 0 -Cl 3 ), was unchanged at this temperature, but 87 % conversion to the 
amide occurred when it was heated for 90 minutes at 200-201°. The 

R 


C,H,C=NCcH, 

6 

parent compound 6 (R = H) required a temperature of 266° for 90 
mimiU s to effect /4 conversion to amide. The least reactive compound 
stiuhed. 6 (R = p-CH^O) required 90 minutes at 266° for 44 % rearrange- 
ment. 

Chapman conoliuled that the rate of the reaction was associated with 
tlie aculity of the phenol from winch the imidatc was derived and that the 
rt ai rangement proceeded via a four-membered intermediate. He believed 
that tin nr\l group migrated with the pair of electrons bound to oxygen. 

K hr^t suggestion that the reaction is initiated by nucleophilic attack 
o the unshared electrons of the nitrogen atom was made in Avnval 
I^xter Wiberg and ItowlaiuP concluded from their kinetic 
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Study that the reaction is indeed essentially a nucleophilic displacement 
on an aromatic ring. Electron -attracting groups on the arj’loxj' ring 
accelerate the reaction by helping to accommodate the partial negative 
charge induced on the ring by the nitrogen electrons. AUfyl imidates do 
not undergo the normal Chapman rearrangement (see p. 26) presumabh' 
because the saturated alk}’! group, in contrast to an aryl group, cannot 
accommodate the additional negative charge. 

Wiberg and Rowland studied a larger number of imidates, 6, \»here R 
is an ortho or a para substituent. In all but one case, the orMo-siibstituted 
compound reacted more rapidlj' than the para, confirming Chapman’s 
earlier obser\'ations. Wiberg attributed this to an entropy effect; the 
ortho group lessened the entropj^ decrease in going from the reactant to the 
four-membered transition state. The one exception involved the o-t-butyl 
group, where steric compressibility is important. For a fuller explanation 
of the entropy effects, as ivell as a discussion of the geometric configura- 
tions of the imidates, the original paper should be consulted.® In a later 
paper Wiberg discussed the various types of reactions in which intra- 
molecular 1,3 shifts take place.^^ 

Chairman also studied several imidates which differed only in the 
substituents on the arylimino ring.® He found that compound 7 
(R = p-CHjO) rearranged faster than compound 7 (R = H). The 
imidate 7 (R =£ 2,4,6-Cl3) was considerably less reactive than the parent 
compound. Thus electron-nithdraning groups make the electrons on 
nitrogen less available for nucleophihc attack and slow down the reaction. 
Derivatives of the imidate 8 exhibited the same behavior, but the effect 



was less marked.® Compound 7 (R = o-NOj) could not be rearranged 
successfully even at 220®; above this temperature decomposition occur- 
red,® Owing to resonance, the electrons of arylammes are less available 
than those of alkylamines, and it would seem reasonable that N-alkyl 
imidates would rearrange readily, However, in the only case reported, 
the N-methyl analog of 7 decomposed without isomenzing,® 

The imidate 6 (R = p-Br) rearranged more rapidly than the corre- 
sponding p-chloro compound, which in turn rearranged more rapidly than 

*' Wiberg enU Shryne, J. .^m. Chtn\. Soc., 77. 2771 (19S3J. 
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the parent imidate 9 (R = H).9 The parent imidate 9 (R = H) was 



9 

converted to N-benzoyldiphenylamine in 80% yield by heating for 1 hour 
at 280 . The dibromo analog 9 (R = Br) required heating for 2 hours 
to effect a comparable conversion. It therefore appears that in this case 
the effect of the substituent in the nitrogen-bonded ring is greater than 
t lat in the oxygen-bonded ring. A more dramatic effect is reported for 
the difiuoro compound 9 (R = F), heating for 18 hours at 280° being 
required for 80% conversion.^s This is attributed to the great electron- 
^yt raving ability of fluorine, the halide atom in the nitrogen-bonded 
ring again being the dominant factor. Kinetic data on a variety of 

nitrogen-bonded ring alone and in both rings 
01 e of great interest for determining the relative effects of sub- 
stituents in the two rings. Both monofluoro imidates 6 (R = p-Y) and 
(K _ ^.P) have been converted in over 80% yield to the amides upon 
totmg «t 305-310- for 1 h„„r..> However, no kinetic data are available, 
a a on the imidate 6 (R = p-F) would be of special interest since 

atom may either accelerate or decelerate (relative to ^-H) 
nucleophilic displacement.^^ 


oiaUi'lb AND LIMITATIONS 

toTiht ^ "'Ork on the pyrolj’-sis of aryl imidates was 

to tv-r r the mechanism of the reaction, rather than 

that tL preparative purposes.r-3 In 1929 it was pointed out 

inl,enl"“™TT"‘ »” * 8“'™> -'Uioi fo- Pf«P«ri»S 

va^or^.T.':- prodno£.< and S 

The c'lmumn 'arylamines has since been prepared in this way. 

ofthcimirlni" carried out succe.ssfully with most 

V e Ws t rf ’ b-n high. Unfortunately, 

nt'orted in 1, r" reactions, especially tho.se 

henzimidate to N-bemoSi'i' -1^'’" P^’t-nyl N-phenyl- 

2 liourn nt ‘>-<1 voA- I was said to be complete after 

crv..:talli^..d“nrti. , "" by-products were formed, but the yield of 

tb'nt variou.s ehlorls«brtiu°u.<rimUl^^^^ Similarly it has been implied 
yields were not given.^ "'f^ates rearranged cpiantitatively, but 

r «n, Chrm., 72. 309 (1000). 
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The reaction can be used also to prepare aroyldiphenylaniines sob- 
stituted in the aroyl ring, e.g., tlie compounds 10 rvliere R is o-ehloro, 
p-chloro, p-nitro, p-methoxj’, and 2,4,6-triehloro ® and the even more 
highly substituted aroylamine An attempt to rearrange 12 was 

unsuccessful.^ 


0— X(C,Hs), 


I / 

p-CH^C^H^O— N 
\ 


C«H,Cl-p 


C,H3C1«-2,4 


OCgHj 

o-OjNCgHjC^NCsHs 


The usefulness of the Chapman rearrangement obvious!}’ depends on 
the availability of the aryl imidates, which are generally prepared by the 
following route. 


O Cl 



For the preparation of unsjun metrically substituted diarylamines 13, 
either of two imidates, 14 or 15, may be utilized. The choice between 



14 and 15 is often dictated by the relative availabilities of the amine and 
the phenolic components. When both sets of reagents are available, the 
imidate selected is usually the one which will rearrange at the lower 
temiierature. Therefore the more acidic phenol (with electron -withdraw- 
ing substituents) should be chosen.^ In several cases, both imidates have 
** JaniMon ftnd Tumor, Chem. Soc., 1937, 1954. 
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been iised successfully. For example, all six possible monochloroimidates 
have been prepared and pyrolyzed to the three isomeric !N-benzoy]chloro- 
diphenj lamines.^»^ On the other hand, 'while the imidate 14 (R = o-N02» 
R ~ H), was converted in 40 % ^deld to N-benzoyl-o-nitrodiphenylamine 
in 1 hour at 165°, the isomeric compound 14 (R = H, R' = o-NOg) did 
not rearrange.® 

A great variety of halogenated diar3damines has been prepared by the 
Chapman rearrangement: the monochlorodiphenylamines pre'vdousty 
mentioned and a large number of dichloro-, trichloro- and tetrachloro- 
diphenylamines.®.'^»^^-20 The pentacliloro imidate 14 (R = 2,4,6-Cl3, 
R' = 2,4-Cl2) was converted to the N-benzoyidiarylamine in 81% yield, 
and this product was then hydrolyzed to 2,2',4,4',6-pentachIorodiphenyl- 
amine in 92 % yleld}^ The hexachloro compound 14 (R = R' = 2,4,6-613) 
has also been rearranged successfuliv.® 
X-Benzoyl-2,2'-dibromodiphenylamine2i and its 4,4^dibromo analog^^ 

have been prepared and hydrolj^ed to the diphenylami nes. In the 
ormer case the rearranged product was obtained in 86% Aueld, and its 
product in 87% yield. The iodine-containing imidates 16fl 
and 16b were rearranged to the X-benzoyldiphenylamines in 56% and 
% jnelds, respectively .23 

Oi;^ 

CbHjC^XCeH^OCHj-p 

16 

(o. R = CIIj; b. R = CO.CHj) 


1 \roU.-irt of the fluorine-containing imidate, 14 (E = R,' — .n.F) has 

^'-'^-“^l-^-^'-difluorodTphenylaX 

rlKnylntnini'.'”"' qimnlitatiioly to 4,4'.(Iifit;orodi- 

-U ritu™ it ’r? - 

dinifthvlri:. 1 1 ~ '"•Inch was converted to X-benzovl-4.4'- 

r ‘ r li r'f of sevemrmono- 

mOlul. n„,l <1,0,0, v,„ Ci,»p„.„ route te.te 
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reported Two of these, S-methyldiphenylamine^ and 2,3'-di- 
methj’ldiplienylamine,^ were each prepared ^da both isomeric imidates. 
4-MethyIdiphenylamine was sj-ntliesized in an overall jdeld of S4 % based 
on the imidate 14 (R = H, R' = p-CHg) 

Wiberg and Rowland prepared and rearranged two ethyl-svibstituted 
imidates, 14 (R = o-CjHj, R' = H) and 14 (R R' = H), and 

the corresponding isopropyl compounds but did not isolate any of the 
four alkj-lbenzoyldiphenylamines.® The same w orkers pjToh-zed a large 
number of imidates for their kinetic study, but the only product isolated 
was the t-butyl compound 17 (40% yield),® N-Benzo3’l-4,4'-di4-butyI- 
diphcm'lamine was reported much earlier as resulting in “almost quanti- 
tative” jdcld by heating the corresponding imidate at 300°.*^ Benzol 
groups are stable at the temperature required for the Chapman re- 
arrangement. Both benzylphenyl imidates 18 were converted to the 
desired aroyldiphemdamines in over SO % yield by heating at 275°,®* 


O CsH.C(CHs)3-t> 

II / 

C.HjC— X 


I \ — 7^ch.c,h- 


CgHjC^XC.Hs 


b = j>-C,UiCH,> 


In addition to alkj'l- and halogen-substituted imidates, compounds 
bearing methox^', nitro, acetyl, benzoyl, cyano, and carbalkoxy groups 
have been rearranged. The three isomers of 14 (R' = H, R = OCHj), as 
well as 14 (R = H, R' = p-OCHg), were converted to X-benzoyldiphenyl- 
amines.® Since then, tlie iodo-methoxy imidates®* 16 and the dicyano- 
methoxy imidate®® 19 have been rearranged. 


OCHj 



19 u 


** Gibson *nd Johnson, J. Chrm Soe , 1929, U73. 
»» Gibson *nd Johnson, J. CArm Soe , 1929, 2743. 
•* Hoy «nd Mojuehsn. J. CA^wi. Sof , 1959, 1363 
«» Cratjt. J. Am. CAon. S<x., 57, 195 (1935). 

** IVatsn and Watson, J. CAsm. Soc . 1957, 253. 

»• Easson, J.CAsm.for,, 1961, 1029. 
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Compounds 14 (R = o-XO,. P/ = and R = o-XO,, R' = 2 -Br, 
^ 003 *^ ) ^ sre converted to the desired benzoyldiaiylamines bv heating 
or 1 hour at less than 200', but under similar treatment 14 (R = p-XO,, 

^ ond R H. J{ — o-XOo) decomposed to tarr v materials.® Xo 
m-nitro compounds have been studied. 

Only three ac% I-substituted rmidates have been subjected to pyrolysis. 

para-substituted compounds 14 (P = P-CH 3 CO, R' = H“ and 
. __p.C 5 H 3 CO,R' = H®i) reacted normallv. The latter gave X.4- 
dibenzoyldiphenylamine (90% j-ield), vhich on hvdrolvsis lost the 
-^-^>enzoyI group and ftimished the diaiylamine in 89% yield. The 
^ ccc^ <^mpound 20 when pyrolyzed at 267^ gave the qninoline deriv- 
a>^ive The normal Chapman rearrangement product. 21 . was an 
intermediate in this reaction. ' ' 


^€OCH, 


'^^NCOC.jHs 


'^;x/OC( C5H5)=NC^H5 


21 22 

4 4''dirv-> appropriate imidate at 250-300' furnished X-benzovI- 

Hydrolysis .vith sodium hvdroxide 

ofVhJni rif'^t f Ammonoh^-s 
"a’-e iK-n^r gave the dmmidino compound 24 which, when heated, 
ea.e l>enmmide and the diaiylamine 25 in 76% jrield. 
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Several derivatives of the dinitrile 23 substituted in the ortho positions 
have been prepared by the Chapman rearrangement in high yield.** For 
example, the iraidate 14 (R = 2-Cl, 4.CN, R' = p-CN) heated in boiling 
Dowtherm furnished tlie o-chloro analog of 23 in 84 % yield. Hydrolysis 
in ethylene gl 3 ’col gave 2-chloro-4,4'-dic}'anodiphenylamine in 60 % yield. 
The 2-methoxy compounds, analogs of 23 and 25, were similarly prepared 
in 3 ’ields of 88 % and 86 %, respectively'. The imidate 14 (R = 2 -NO 2 , 
4-CN', R' e= p'CN) was quantitative!}’ rearranged in either boiling anisole 
or pyTidine, but the product could not be hydrolysed cleanly to 4,4'- 
dicyano-2-nitrodiphenylamine. The last-named compound was syn- 
thesized by’ nitration of the dicy'anodiphenylamine 25.** Only two 
cyano-containing imidates, 14 (R = p-CN, R' = 2 -NO 2 , 4.CN and R = 
R' = 2 -NO 2 , 4-CN), that could not be rearranged to the appropriate 
diphenydamine have been reported,*® 

The conversion of 14 (R = P.CO 2 CH 3 , R' = H) to N-benzoyl-4-caTbo- 
methoxydiphenylamine in high yueld has been reported by two groups of 
investigators.**'®* Hy'drolysis to diphenylamine-4-carboxylio acid pro- 
ceeded smoothly in 73% yield,** Attempts to isomerize the mete- 
substituted ester analog (14, R = Tn-C 02 CH 3 , R' = H).®® the correspond- 
ing carboxylic acid,®® or the ester 26 failed.®* The rearrangement of 
derivatives of salicylic acid is discussed on pp. 13-15. 



The imidates 27 containing aldehyde groups could not be rearranged *®<®® 
However, tlie anil 28 pyToly^ed at 270° to furnish presumably the expected 


0/ \c: 


I ' i 

C,HjC=NC«H 40 CH,-p C8HsO=NC4H, 


** Broun, Carter, and Tomimaon, J. Chrm* 1958, 1843 . 
** Hama, Potter, and Turner, .7 C/tem. Sor , 1955, 145 . 



37c 
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rearrangement product 29, which, however, could not be hj'drolyzed to 
N-benzoyldiphen3damine'4-carboxaldehyde.^ 




C^H^C^XCeH, 


28 




XCgHs 


C^HjC— X 


CeHa 

29 


Only one abnormal Chapman rearrangement has been reported, exclud- 
ing those examples where the normal product results and then reacts 
further.^ The carbomethoxymethjd derivative 30 on pyrolysis gave a 
mixture from which two products, each obtained in 29% yield, were 
identified. One was sho^vn to be the normal rearrangement product 31 ; 
h3"drolysi5 with base followed b}’^ acidification gave the expected N-phen^d- 
oxindole (32). 


2C5" 


O CHoCOoCHa 

OC(CcH,)=NCeH5 


IICH2CO2CH3 



c==o 


31 



CgHs 

32 


Tlie other product was 3-benzanilimino-2(37/)benzofuranone (34). The 
following mechanism involving basic catalj’sis (imidates are weaklj^ basic) 
and rearrangement of the anion 33 was proposed.^ The imidate 30 on 




CgHsC^NCVH, 
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treatment with sodium metlioxide in boiling benione furnished the 
furanonc 34 in 50% yield, sliowing the feasibility of the proposed base- 
catal3'zed reaction.®® Other imidates with active h^-drogen atoms on the 
ortAo substituent could aI'=o be expected to give abnormal pyrolj’sis 
products. In these cases the isomeric imidates should be used to prepare 
the de.sired nroj-ldiphenj’lamines. 

Kelativeli' few* imidates containing ar^d groups other than phenyd or 
substituted phen^'l groups have been rearranged. Chapman pj’rol^'zed 
the three naphth^d derivatives 35. The first two gave N-benzojd-N- 
phcnjd-a-naphthjdamine; the third gave the corresponding ^-naphthjd- 
amine.® 


H 



I 

C,HjC=NAr 


3S 36 

{o. Ar - C,H,. Ar' - a-e„ir,> (a. R - ir, Ar = C.IIs) 

(6, Ar - Ar' = r.llj) (6. H = II. Ar = o CII,C,II,) 

(e, Ar = Ar' = C,H,) (c. R Cl M = C.II,) 

( J, K = If, Ar = O-CIC.II,) 

(e. R = II. Ar = C-nr.i-CirjC.II,) 

[.), R = 11 Ar -2-nr-», 

Hall pj’rol^-zed the six S-qiunolinjd imidates 36; the first in 72% yield, 
the second and third in unspecified yield, and the remaining three 
unsucccssfullj'.®® 

Hej'^ and Moynehan rearranged three imidates 37 derived from phen- 
anthridiiie;®® the phenoxy derivative (U = H) to the phenanthridone 
38 in 60% ydeld, the analogs (R = Cl) and (R = CH^) in 75% and 70% 
jdelds, rcspcctivelj^. 



DlphenyJamlne-2-c3rboxyJic Acids 

The Chapman rearrangement of imidates m which the phenolic com- 
ponent is a salicvlic acid derivative serv'es as a sj'nthesis of derivativ'cs 
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of diphenylaiiiine-2-carboxylic acid (N-phenylanthranilic acid). The 
development of this synthesis is due to Jamison and Turner who showed 
that the parent imidate 39 (R = R' = H), prepared from methyl 
salicylate and N-phenylbenzimidoyl chloride, rearranged readily to the 
aroylamine 40 in 73 % yield on heating for 10 minutes at 270-275°. Hy- 
drolysis of the aroylamine with 1 mole of base gave the N-benzoyl acid 41 
in 76% yield, and excess base gave diphenylamine-2-carboxylic acid (42) 
in 96% yield.^^ (In a later paper the yield was reported as 78 %.^) 



The rearrangement of a variety of substituted imidates also proceeded 
well, usually in better than 80% yield. Among these were chloro, 
bromo, methoxy, and meth 3 d analogs of 39 A® Later a large number of 
imidates derived from S-meth^^lsalic^’lic acid were rearranged, for 
example, the imidates 39 in which R = 6-CH3 and R' = H, o-F, o>Cl, 
o-Br, and The rearrangement products were all partialh' 

hj’droKv.ed to the corresponding N-benzo^d acids 41 js, 34 . 36-39 nian^' of 
which were partiallj' or completeK* resolved and their optical stabilities 
studied.^**^ ^ The onl\' imidate that could not be isomerized to the 
desired aroyldiphenylamine was 39 in which R == G-CH. and R' = 
2,4.G.{CH3)3A* 
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The iraidatc 30 derived from o-hydrox^'jjhenylacctic acid gave a 
mixture of a bciizofuranone and the normal rearrangement product on 
I)3Tol3*sis. (Sec p. 12.) Ho^^ever, the compounds 39 (R = H, R' = 
o-CHjCOjCHa or 0-CH2CO2C2H5), containing a carbalkoxj'methj-l sub- 
stituent in the phenyl group bonded to nitrogen, rearranged normallj' in 
83% and 91 % yield, respeetivel}'.^^ 

Acridones 

Jamison and Turner were also the first to use the products of the 
Chapman rearrangement as intermediates for the B^mthesis of acridones 
2-Chloroacrjdone (46) was prepared b^’ them in three different na^’s. 
The nro3’lamine 43, (which had been prepared 83’ heating the appropriate 
imidate at 270'’) was p3Tol3’zed at 320'’, 5'ielding meth}-] benzoate and the 
acridone 46. The 3deld Avas “not quantitative ’’ The second route 
inA'olved partial h3’drol3'sis to the acid 44 Avhich was heated for 5 minutes 
at 250'’. Benzoic acid was eliminated and the acridone 46 obtained in 
99% 3’ield. Tlie third path utilized the complete!}' h3'(lrol3’zcd acid 45 
which AAas converted to 46 b}' treatment with pirosphorus ox3'chloride 

and h3’drol3'si8 of the resulting 2,9-dichloroacridine,^5 over-all yield 

wasS7%.i5 O 



G. Singh, S. Singh, A. Singh, and M Singh, J. Indian Chem Soe , 29. 781 (1952). 

G. Singh, A. Singh, S. Singh, and M Singh, J. Indian Chtm. Soe , 28. 698 {1951) 

•• G. Singh, S. Singh, A. Singh, and M. Singh, J. Indian Chem Sot .28, 459 (1951). 

« S. Smgh, J. Sci. Ind. Itea. (India), lOB, 82-6 (1951) [C A . 46, 2517 (1952)}. 

“ Schulenberg and Archpr, J- Am Chem Soe., 83, 3091 (1961) 

** N. S. Drozdov and S. S. Drozdo\. J. Oen. Chem. USSR (Engl. Trantl ), 4, 1 (1934) 
[C.A., 28, 5456 (1934)}; N. S. Dro*dov, liw/., 4, 117 (1934) (O.A ,28,5456(1934)]. 



IG 


ORGANIC REACTIONS 


Surprisingl3% the parent compound 47 (R = R' = H) did not give 
acridone at temperatures as high as 350°.^^ On the other hand, the acid 
47 (R. == H, R.' = 2,4(0113)2) formed 2,4-dimethylacridone in 71% yield 
Avhen it was pjrrolyzed at 300° for a few minutes, but the corresponding 
ester did not give the acridone when heated at 350°.^° 

pNTolj’^sis of compounds 47 (R/ — 4-01, R' — 7>-OCH3) and 47 (R == 
6-CH3, R' = o-Cl) gave, respectively, the acridones 48, in almost quanti* 
tativc yield, ^5 ^nd 49 in 86% ^deld.^ The phosphorus oxycldoride 
method was used for the preparation of the acridone 50 in 91 % yield.^^ 




49 50 

2-Ch]oro-6-methoxyacridone was prepared in unspecified yields by all 
three routes.^^ Tiie isomeric 5-chloro-3-methoxyacridone was prepared 
by the two pyrol\i.ic methods,'^^ while an acridone, believed to be the 
Rchlnro-6-mcthoxy isomer, was synthesized hy the phosphorus oxy- 
chloride roiite.'*^ 2-Todo-6-mathoxyacridone was also s^mthesized by 
pyrolysis of the ester and by the phosphorus oxj’chloride method.'*^ In 
all eases the starting imidate was that derived from 4-methoxysalicyclic 
acid 

l,9-Diehloro.7-methoxyacridine (51) was prepared as shown in the 



51 
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nccompanj'ing formulation « TJie orer-all yield u as 2S % based on methyl 
G-chlorosalicylate. loncscu s\Tithesized 2,4,5,7.tetrachloroacridone (53) 
in 10% yield by heating thcimidate52 for 10minutesat260''and, uithoiit 
isolating the product, heating for 1 minute at 200° with concentrated 
sulfuric acid.^^ 


0 



SI S3 


The sj-nthesis of acridones with additional fused rings, using the 
Chapman rearrangement, iias first accomplished by Cj’merman-Craig 
and Loder.^^ They pjTolj’zed the imidate 54 which rearranged and lost 
methyl benzoate to form the benzacridone 55 in 72% j-ield. The inter* 
mediate benzoyidiarylamine was not obtained. 



55 


Similarly the ^-naphthyl analog of 54 gave the aeridone 56 in 38 % jield 
on pj’rolj’sis for 30 minutes at SCO", and the imidate 57 gave the 
pentacjxlic aeridone 58 in 47 % yield on pjTolysis.^ 

** Daubrn snd Hodgson,,/. Am Chem. Soc,, 72, 3479 (1930) 

♦’ lonescu, Ooia, and Felmeri, Aead Etp. Populore Romine, F,ltala Cluj, Studu Cerettari 
Chem , 8, 351 (1937) (C.A., 54, 4587 (I960)]. Ionesco and Ooia, Ret Chtm Aead Rep. 
Populatre Roumame, 5, Ko. 1, 85 (1960) (O.A , 55, 9402 (1961)] 

** Cyroerman-Ceaig and Loder, y. CAem. Soe , 1955, 4309 
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Two other pentacyclic acridones, 59 and 60, were S 3 nitliesized in 
54 % and 80 % 3 deld, respective^, as indicated in the equations, hut an 
attempt to prepare the hexac 3 ^c]ic acridone 61 failed.^® 



61 
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COMPARISON WITH OTHER METHODS 

The majority of substituted diphenylamines reported in the literature 
has been prepared by direct nucleophilic displacement of halide by 
aromatic amines. The uncataljTied reaction, discovered by Jourdan, 



proceeds only with highly activated halides such as 2,4-dinitrochloro- 
benzene.®***®* The copper-catalj'zed reaction, knomi as the ‘Ullinann 
condensation,*^>®^'52 



is of much greater general utility,™.®®.^ This reaction has been applied 
chiefly to the synthesis of diphenylamines substituted with nitro or 
carboxyl groups. If d ip henyla mines that do not contain nitro or carboxyl 
groups are desired , a two-step procedure maybe used • an UUmann reaction 
between aniline or a substituted aniline and an o-chlorobenzoic acid, 
followed by thermal decarboxylation of the product. The Goldberg 
diphenylamine sjmthesis, 



COCHj 


•• Albert, The Aeridina, E. Arnold and Co., London, 1951, p. 42. 

** Surrey, A'ame Rtaetione in Organic Chtmutry, Academic Press, New York, 1961, p. 236. 
“ Ullmann, Btr., 36, 2382 (1903). 

Bunnett and Zahler, Chtm, Rev., 49, 392 (1951). 

“Acheson, Acridine*, Interscience Division, John Wiley and Sons, New York, 1956, 
p. 148 : (a)p. 157 : (Mp. 105- 
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the reaction of X*acylanilines with arvl halides followed by hydrolysis, 
is a copper-catalyzed reaction 

The Chapman synthesis involves five steps from the starting aniline: 
benzanihde formation, conversion to imidoyl chloride, imidate sjmthesis, 
rearrangement, and hydrolysis. All five steps are easily carried out and 
two of the intermediates, the imidoyl chloride and the rearrangement 
product, are often not isolated. HoAvever, the Ullmann synthesis vnll 
generally require less time and, if other factors are equal, is to be preferred. 

It is difficult to compare the yields by these two routes since, for most 
of the examples of the Chapman method, yields are not given in all steps. 
This is especially true in the early literature where the preparation of most 
of the simpler diphenylamines Ls reported. Furthermore, many of the 
X-benzoyldiphenylamines were not hydrol^’zed. Although a huge number 
of derivatives of diphen 5 damine- 2 - carboxylic acid has been prepared by 
the Ullmann condensation, only a small percentage has been decarboxyb 
a ted ; most have been converted to acridine derivatives.^*^ Some of the 
yields reported in the early literature are questionable. Ullmann reported 
that o-toluidine and o-chlorobenzoic acid could be converted to 2-methyl' 
diphen3damine in an over-all ^ield of 87% (the decarboxylation was 
claimed to be quantitativ^e).^^ In a recent paper an over-all yield of 33% 
M*as reported. The corresponding o-chloro and o-methoxy compounds 
were obtained in 69% and 52% over-all jdelds, respectively.^^ The 
corresponding fields via the Chapman s^mthesis are not available. 

\ ields are reported for imidate formation,®*^ rearrangement,^^ and 
lu'drolv'sis^ in the preparation of 3-methyldiphen\damine. When the 
higher \’ield reported for the imidate synthesis is used,® an over-all yield 
of 35% can be estimated. Ullmann reported a 62% \deld in the reaction 
bet^veen o-chlorobcnzoic acid and w-toluidine, but no jdeld was given for 
the decarbox\'lation.^^ Ullmann claimed that the corresponding 4 -method 
acid, obtained in S9% xdeld from p-toluidine, was decarbox\'lated quanti- 
tative]}*.*^^ 4-Mcth3*ldiphen\*lamine was S3'nthesized from phenol and 
benz-p-toluidide b}* the Chapman route in 74% over-all 3 *ield.^^ 

A large number of chloro -substituted diphen 3 *lamines was prepared b}' 
Ebon and Gibson b}* ULmann condensation of o-chlorobenzoic acid and 
various aniline derivatives.^® Tlie products from 2..5-dichloroanilinc and 
3,4-diddoroamline were decarboxylated in S5% and 75% 3 'ields, respec- 
ti\el\*, ])ut no \*ivld.- were reported for the condensation reaction.^® 
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Orer-all yields (three steps) for several dihalodiphenylamines prepared 
by the Chapman route are very similar. 4,4'-DifluorodiphenyIamine was 
synthesized in 48% yield, the corresponding 4, 4'-dibromo compound was 
obtained in 43% yield, “ and the dichloro analog was prepared in 47 % 
yield.'* Good over-all yields were obtained for the following more highlj' 
substituted compounds: 2,4,4'-trich]orodiphenylamine, 62%;'* 2-methyl- 
4,4'-dicyanodiphenylaniine, 61 and 2,2',4,4',6-pentachlorodiphenyl. 
amine. 66%.'* Although direct comparison of the two methods is not 
possible, it seems evident that at least comparable yields are attainable 
by the longer route. 

Frequentlj' the choice between the two methods w ill depend on avail- 
ability of starting materials. Often the needed o-chlorobenzoic acid wiU 
be difficult to obtain, whereas the corresponding phenol will be available. 
In this case the Chapman route will obviously be preferred. It must be 
kept in mind that there are always at least tw o sets of reagents leading to 
a diphenylamine via the Ullmann condensation and decarboxylation. To 
illustrate, the diarylaraine 62 can be prepared in the following ways 



H 


If Y were a meta or ortho substituent, a fourth possibility would exist. 
Furthermore, anthranilic acids w ill react witli derivatives of bromobenzene 
to give diphen3’lamine-2-carboxylic acids.®*' Although chloro compounds 
are generally unreactive and bromo compounds must be used, the method 
has the advantage that some substituted anthranilic acids are commer- 
cially available while the corresponding o-chloro acids are not.*® There- 
fore the following three sets of reagents must also be considered for the 
synthesis of 62. 

•• Goldberg, Ber.. 89, 1691 (1906). 
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For the Chapman synthesis only Itto sets of compounds must be 
considered. 



The Goldberg s^mthesis appears to be the preferred method for some of 
the simpler compounds* When p-chloroacetanilide and bromobenzene 
u^ere treated vrith copper, potassium iodide, and iodine and the resulting 
product was hj'droij’zed, 4-chlorodiphenylamine resulted in 72 % yield.^ 
Earlier, Goldberg^ reported the conversion of 7n-nitroacetanilide and 
bromobenzene to S-nitrodiphenylamine in 80% yield. Weston and 
Adkins studied thoroughh' the reaction between acet-p-toluidide and 
bromobenzene, determining the effects of changes in catalyst and solvent.^" 
Davis and Ashdovm synthesized a large number of nitrodipbenylamines 
by the Goldberg procedure but gave no yields.^ They also reported, 
vithout yields, the s\Tithesis of nitrodiphenylamines firom the unacetyla ted 
nitroanilincs.^ Earlier Goldberg had reported the direct conversion of 
omitroaniline and bromobenzene to 2-nitrodiphenylamine in 75-80% 
yield 

The Ullmann condensation suffers some drawbacks, a major one being 
that reductive dehalogenation may sometimes become the major reac- 
tion.^ Limitations of the reaction are discussed by Acheson.^" 

When the appropriate o-chlorobenzoic acid is readily available, the 
Ullmann route vill gcneralh" be preferred for the preparation of diphenyl- 
amine-2-carlx)xylic acids and the acridones derived from them. The 
parent acid itsedf has been prepared in 82-93% jdeld by the Ullmann 
procedure (one step),^” while the three-step Chapman method from methyl 
salicylate and X-phenylbenzimidoyl chloride gave an over-all yield of 
57 In a later paper lower yields were reported for the same Chapman 

route.^' However, 4*-chlorodiphcnylamine-2-carboxyiic acid was pre- 
pared in about 75% over-all yield u?ing the Chapman rearrangement, so 
the two methcyls may give comparable yields in some cases.^^ If the 
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necessary o-cMoro acid is not available, the Chapman rearrangement may 
well be preferable since it proceeds particularly well with derivatives of 
mcthjd 8 alic 3 ’late.i®>^>®*>®^ 

Some Chapman rearrangement prodvicta can be converted directly to 
acridoncs b^' heating, but this docs not appear to be a general reaction.'® 
When the thermal reaction is possible, acridoncs may be s^mthesized in 
two steps from deriv'atives of methyl salicylate, so this route maj’ in some 
casc.s be the preferred one, particularly' in the synithesis of aeridones with 
additional fused rings,*® For example, 1,2,7,8-dibenzoacridono (60) 
(p. 18) was prepared by' this method in 80% yield from the imidate after 
the Ullmann conden-sation between ^-naphthylamine and 2-chlQro-l' 
naphthoic acid was found to give only 1-2% of the desired diarylamine.*® 
In addition to the Ullmann and Chapman routes, a few other methods 
for synthesizing diphenylamines may' be mentioned. Some compounds 
may be prepared by substitution of diphenylamine, e.g., 4,4'-d)bromo- 
diphenylamine by direct bromination This compound has also been 
prepared via the Chapman rearrangement.*® Certain symmetrical com* 
pounds may' be prepared by' the reaction of equimolar amounts of an amine 
and its hydrochloride. Dipheny’lamine itself is best prepared in this w'ay 
from aniline and aniline hydrochloride.®*' Occasionally, unsymmetrical 
amines are also prepared by' this method, but the mixed product must 
be separated from the three*component mixture that is obtained,®** 
Diphenylamines may' also be prepared by' the reaction between an 
amine and a phenol,®*’ Tiie parent compound has been synthesized by 
heating aniline and phenol at 250° with antimony trichloride as the 
cataly'st.®* The reaction between nitrobenzene and phenylmagnesium 
bromide is reported to give diphenylamine in 58 % yield “ Similarly, 
mcthy’l p-nitrobenzoate and phenylmagnesium bromide gave 4-carbo- 
methoxydiphenylarnine in 45% yield.*® In contrast, the Ullmann con- 
densation between iodobenzene and methyl p-aminobenzoate gave the 
same product in only 27 % yield.®® The corresponding acid has also been 
synthesized in 48% y'ield via the Chapman route starting w'ith methyl 
p-hydroxybenzoate and N*phenyIbenziimdoyl chloride.*® 

Finally, one example should be cited in w'hich the Chapman method 
gave a good yield of the desired amine after several other routes failed 
completely, Jones and Mann** W’ere unable to synthesize 2,2'-dibromo- 
diphenylamine from o-cWoronitrobenzene and o-bromoaniUne, from 
'*G»Iati 3 and McgaloiUonomoa, Pralt, Alad Atherton, 9, 90 (1931) [Chem. Zentr., 105, 

11, 2974 (1934)1 

Boch, Ber , 17, 2634 (1884), 

** Gilman and SlcCracken,./, Am. Chem Soe.^ 51, 821 (1929). 

•• Curtin and Kauer. J. Am. Chem. Son.. 75, 6041 (1933). 

Oilman and Brown> J. Am^ Chtm, Sot , 62* 3208 (1940). 
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0 -hromoaniline and its hj’^dro chloride, from o-bromophenol and o-bromo- 
aniline (with a zinc chloride catalj'st), or from o-chloronitrobenzene and 
the sodium salt of o-bromoacetanilide. The Chapman route gave the 
desired product in 36% over-all ^deld.^^ 


RELATED REACTIONS 

There are several imidate-amide rearrangements which present many 
features of interest but which do not have the usefulness of the Chapman 
rearrangement. In this section these related reactions are discussed, 
but completeness of coverage is not attempted. 


Catalyzed Rearrangements of Alkyl Imidates 


The conversion of alkyl imidates to amides has been reported by many 
investigators, but the first careful study was that of Lander who found 
that the r action proceeds well when catal 3 ^zed b^^ small amounts of an 
alk\d halide. The rearrangement shovm in the accompanying equation 
is t^'pical of many others described by Lander.^® 


OCH., 


C.H-C^XCH, 


100';Slix. 
Trace CH,!^ 


o 

i] 

w 


CeH 30 -X(CH 3 ). 


Dialkj’l sulfates have been used as catah’sts for the conversion of 
0-alkyl lactims to X-alkjd lactams. 




172": l/ihr. 

y 

5 % (0113)5504 


j.^XCH3 


(Ref. 70) 


hen O-cth^d caprolactim (the cth\'l homolog of 63) was heated with di- 
methyl sulfate, a mixture of the X-mcthjd and X-eth\d lactams resulted.'® 
Acylic analogs gave similar result In contrast to the Chapman 
reaction, the Lander rearrangement is intcrmolecular. Arbuzov has 
rec^mtlv made use of the intcrmolecular nature of the reaction b}' treating 
alkyl imidates with various halides.*^ Tlie following reaction has been 
carried out in 00% \deld,'* 



Tin; rHAiwiAN iu:AmtANoi:jii:xT 

f) 

I 

NT,Hj ^ C’,H|C— N(C^H,)CIf,CgIf, 

!UWrt< nnij Wpt l>n* rr.irmtifrrfHcnt of nlkyl inuflatOH in the 

|»rr«<'nc«' of poilfimc nrid. Tlif flrctitniviriyinR ri'nrtion wn« carried out 
in yjeM^ TJie rrartion prtwttletl in l>etlrr yield ( 7 - 1 - 80 %) 


(KVij 

I 

ne- xc.Hi 

»< 




O C,H, 

' / 

Ht'— N 


c,ir, 

4} 


wiifn a half tnolc of trielhyl orthoformate «a' jire^ent in the reaction 
tnixtnrr. Tlie /*-cIdnfo anakip of W cearranped m G.1 % yield w ithout 
th»* it^' of adilitional orthoformate «hde the 0-metliyI analog gave 
N-meth\Ifomiandide m tll yieJd ^ Treatment of 64 with Hidforic acid 
®nd tni<<oamyl orthnformate fiimiihcd n mixture of the X-ethyl (65) and 
^'isoamyl amides •* Thu^ it m clear that the reaction is intemiolecular 
and analogous to I lie lender rearrangement, rresumably, tlic sulfuric 
acid generates an alkylating sjx^ies from the ortho e.ster (and from the 
tmiMate) which is equivalent to the alkyl halide catalyst used by lender. 

Since ethyl X-phenylformiinidate (64) is jinqian'il from aniline and 
trlethyl orthoformaie by an acid-calalyziil reaction and rt>nrranged to 
X-ethylfornianilide (65) in the presence of acids, it h fwssiblc to prepare 
the anilide 65 from aniline and trielhyl orthoformate in a single step 
without isol.iting the imidate. Tlie anilide 65 is readily hyilroly'zcd to 
X.ethyl.iniline in high yield Hoberta has suggested tlie.se reactions as 
a practical synthesis of the monoalkylandines ** 

Cramer and lieniirich studuxl the rearrangement of trichloroacetimi- 
ilates ami found that Ixiron trifluoridc is an excellent catalyst for the 
rt*action.^ The methyl ester 66 gave the amide 67 in 01% yield, while 
the corresponding ethyl ester rearranged in 90% yield. The benzyl ester 


OCIf, O 

I II 

CCI,0=NII — CCIjC— XHCHj 
46 67 


gave only 15% of Xdicnzyltrichloroacetamide, the remainder being tri- 
chloroacctnmkle.” 


' ItoWit *ncl V0gt, >f. Am. Chfm. Soe,, 78, 4778 (IDSfl) 
' Crsinw •nij Hennrich, CStm. Btr., 94, 978 (1961). 
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Although boron trifluoride and sulfuric acid can be used to catalyze 
the rearrangements of imidateSj acids which furnish good nucleophiles 
cannot. When imidate hydrochlorides are heated, cleavage occurs 
instead of rearrangement. This reaction, knovm as the Pinner fission, 

OR' O 

1 i; 

RC=XH-HC1 PvCNH^ -f R'Cl 

has been studied by AIcElvain'^ and Cramer.’^ It involves nucleophilic 
attack by chloride ion on the protonated imidate. 

Ar\'l imidates do not undergo the Pinner fission. Phenyl X-phen3d' 
benzimidate on heating with hydrogen chloride yielded phenol and 
X-phenylbenzimidoyl chloride,'^ 


OC,H, 


na 


^ ^ C,H,C(a)=XCgH., 


Thermal Rearrangement of Alkyl Imidates 

There have been several reports of the thermal isomerization of alkyl 
imidates, but, except for the methyl, benzyl, and allyl derivatives which 
will be considered later, when the reactions were re-examined it was found 
that the pure imidates did not rearrange. Two examples v*ill suffice. 

The imidate 68 was reported to rearrange to the amide 69 in 35% yield 
on heating for 6 hours at 270-280^ Lander, in the first careful study 
of the thermal beharior of alk^d imidates, showed that the carefully 
purified imidate 68 underwent negligible isomerization after 8 hours at 
250-270‘* and 3 hours at Similarly the imidate 70 was reported to 

O 

69 


OCH3 



6S 


rearrange to the laetara 71 in 85% yield after 2 hours at ISO-250’.^^ 
Later it was shown that the rearranirement of 70 was due to the presence 
of an impurity, probably diethyl 
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70 ?I 


When the alkyl group in an alkyl imidate can undergo elimination, this, 
rather than isomerization, appears to be the normal pyrolysis pattern. 
Thus the ethyl and sec-butyl analogs of 68 furnished benzanilide and 
ethylene®* and 2-butene® respectively, and the imidate 70 yielded 
caprolactam and ethylene.^® PyTolysis of alkyl imidates has been sug- 
gested as a way of dehydrating secondary alcohols.® 

Since elimination cannot occur, pyrolysis of methyl imidates can 
apparently give rearrangement products; eg., the methyl imidate 68 
gave the amide 69 in 25% yield when heated at 300-330V and con- 
version of 72 to the amides 73 occurred in 20-40 % yields at about 300“ ,7® 



73 73 


The temperatures needed are higher than those generally required for the 
Chapman rearrangement of aryl imidates, and the yields are lower. The 
reaction has been shown to be intermolecular, in contrast to the Chapman 
rearrangement which is intramolecular ™ Wiberg® believes that the 
thermal rearrangement of alkyl imidates is a free radical process. 

Benzyl imidates, like the methyl compounds, cannot undergo the 
elimination reaction and would be expected to rearrange. The thermal 
conversion shown in the accompanying equation has been reported without 
reference to reaction conditions.^® 

OOHjC-Hs O 

1 V, 

C1,CC=NH CljCCNHCHjCjHs 

The cyclic benzyl imidate 74 furnished the isoindole derivative 75 in 
70 % yield when heated for 2 hours at 300“.®® On stenc grounds the foor- 
membered transition state of the Chapman rearrangement cannot exist, 

W’lberg, Shryne, and Kintner, -4 m. CA«m. Soe., 79, 3160 {1937}. 

w Cramer. and Kupper, Angetv. Chtm., 8S, 649 (1956). 

•• Stirlmg. J. Chtm. Sot., 1960, S55. 
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and it seems likely that the reaction proceeds via the intermediate 
diradical sho\yn in the formulation. Attempts to rearrange the analogous 
N-benzyl and N-cyclohexyl compounds at 300^ failed.®® 



Allyl imidates undergo thermal rearrangement more readily than the 
methyl or benzyl derivatives. The reaction Avas first observed by Mumm 
and Moller®^ with the ollyl imidate 76- 

OCH.CH^CH^ O 

« 1 ^ 210-21 5‘; 3 hr. !• 

CeH-C=NC6H. CcH.CNCHoCH=CH2 

(Quant.) I 

76 


This rearrangement could conceivably occur either via a four-membered 
or a six-mcmbcred transition state. Mumm showed that the latter w'as 
the route indicating that the reaction resembles the Claisen rather than 
the Chapman rearrangement. The imidate 77 gave the amide 79 
stereosjH^cifically, presumably via 78.®^ 


OCH(CH,)CHr==:CH,, 




O CH, 

X! 


C„H,C 

CH 

C^H-C 

CHCH. 

{ 

\ 

" ! 

1 


CH 

CgH.N 

CH 






CH. 


CH, 


78 79 
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Similarly, the imidate 80 yielded the amide 81.®^ If the Chapman 
mechanism had been operative, the expected product would be 79. 


OCHjCH^CHR 

CjHstLsNCeHs 

80 (R=-CH,) 

82 (B = C,H,) 


O CH(R)CH=CH, 

II / 

CgHjC— N 

\ 

CgHj 

81 (ii=cn,> 

83 (R = C,ns> 


The higher homolog 82 rearranged at 235° to furnish 83.** When 
either 82 or 83 as heated for 3 hours at 290°, a different product, 85, 
was obtained,** Evidently this resulted via a six-membered transition 
state 84 strictly analogous to that postulated for the Claisen rearrange- 
ment.* 


o 


r ° 1 

|( CHCgHj 


II 

CjHsCX- -' 


C5H5CH 

Ji. -ijH, 


II 

III 



U J 


. U J 


84 


C=0 

I 

NH 

S5 

Earlier the rearrangement of the terminally substituted imidate 86 
at 225-260° was shomi to result in a 75 % conversion to 87. The possible 
intermediate 89 (corresponding to 83) uas not obtained.®* 

•• Lauer and Denton, J, Orj. Chem . 24, 804 (1959). 

•Recently tho eonvemion of N-allyM-naphihylamino to S alljl 1 n»phfh>l»mine wa» 
claimed to bo tho firet example of a Claiaen ceorcatigemetit from a nilroi'en atom.” Appar- 
ently tho earlier « ork was o\ erlooked. 

•• Marcinkiewiet. Green, and Mamalis, TttroK^dron, 14, S09 (1981) 

•* Lauer and l.ockwood, J. Am. Cfirm. Sof., 78, 39' 1 (1954). 
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CH^ 

CeH5GOCH2CH=CCH3 



R 


86 (E=H) 

88 (E=CH3) 


o 




O 


CH3 


CH,CH==C 

CB^ 


87 


The analogous o,o-'disubstituted imidate 88, Tvhich could not lead to 
arj'l substitution, gave only benz-2,6*dimethylanilide on pjTolysis; 90 
%vas not obtained.®^ Lauer therefore concluded that the rearrangement 
of 86 to 87 is probably not a two-step reaction and does not proceed via 
89. Instead, a one-step mechanism proceeding via the transition state 
91 was postulated However, the steric effect exerted by the two 
ortho methyl groups in 88 could conceivably prevent formation of 90 even 
if 89 were formed normally, furthermore, it seems unlikely that 86 


? 

^ — CCH==CH2 

i in. 


89 (R = H) 

90 (R-CHj) 






CH3 

1 

CH2CH=CCH3 




91 






CHa 



92 


readily -s-ia 91 at 260"' since the imidate 92 Ls stable at 
300- .« The meclianism of this change is doubtful at present. 

preceding thermal reactions proceed stereo5pecificall3* 
intramolecularly, the acid-catalyzed rearrangment of allvl imidates gi'f’®® 
mixtures, undoubtedly by way of an ionic mechanism. Roberts and 
Hus-ein found that the thermal rearrangement of the imidate 93, for 
exainpli, , ga\e 94.^ In contrast, when the same imidate, 93, was heated 


OCH.CHt=CHCH, 

1 

HCrr^NCtH. 


9J 


O CH3 

cio-cj;- r, i.f 1 

► HCXCHCH=CH3 

C-’cHj 

9« 
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with concentrated sulfuric acid, reaction began at 100® and a mixture of 
many components, including 94 and its allylic isomer, resulted.*® 


Rearrangements of Acyl Irnidates 


The Mumm rearrangement, which apparently involves the rearrange- 
ment of acyl irnidates (imino anhydrides), was discovered before the 
Chapman rearrangement. When N-phenylbenzimidoyl chloride (95) was 
treated with sodium m-nitrobcnioate, the expected product 96 w'as not 
isolated; instead, the diacylaniline 97 was obtained.^ N-Phenyl-m- 


C,HjCCl=NC,Hs -f^ 


NOj 

^^^C03 C(CsH 5 )=NCsH 5 

96 



0=0 

I 




97 99 98 

nitrobenzimidoyl chloride 98 and sodium benzoate also gave 97, pre- 
sumably via the acyl imidate 99.^ In no case could an 0-acyI compound 
be isolated. As a result of this failure Mumm was led to study the 
behavior of a stable aryl imidate and, as a result, discovered the reaction 
now known as the Chapman rearrangement. 

Recently Cramer and Baer attempted to prepare acyl irnidates from the 
reaction of imidoyl chlorides, carboxylic acids, and triethylamine.*® As 
before, no intermediates could be isolated; the imides were obtained in 
almost quantitative yield. When the tnethylamme was omitted, a 
reaction analogous to the Pinner fission resulted, and acyl halides and 
amides were isolated. For example, benzoyl chloride was obtained in 
90% yield &ce<Kding to tho accompanying focmnlstion 


C4H5CCl=NCeHs + GgHsCOgH 


CgH5C-i:®M3=NCeHs 

T I 

cie I 

C.Hj 


CgHjCOCl -f- CgHjCONHCjHs 
•* Cramer ttnd Baer, Cktm. Btr., 93, 1231 (19601. 
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Stevens and Munk®*^ prepared imides (102) from diphenylketene ])- 
tolylimine (100) and carboxylic acids, but the anticipated acyl imidates 
(101) were not isolated. The authors suggested that the reaction pro- 
ceeded via a four-membered transition state; if so, it is mechanistically 
analogous to the Chapman rearrangement. The same authors also 
briefly mention other related reactions which involve acyl migration from 
to nitrogen, probabty via four-membered transition states.®' 
Recently a compound beheved to be a stable acyl imidate (103) has been 
prepared.^s - 




jH. )2C=C=N / XcHg 




RCOgH 



100 


CH{C6H5)2 

101 


o 

ii ■ 

RC\^- 


C=0 

1 

CHCCeHs), 

102 




NCeH3 

103 


^liscellaneous Rearrangements 

The conversion of the chloroethyl imidate 104 to the amide 105 takes 
place at 130°.89 The low temperature indicates that neither the normal 
lapman rearrangment nor a dissociation into radicals occurs. Most 
/ ^ ^ reaction proceeds via internal displacement of halogen to gi're 
le ivc-membercd intermediate shown. Nucleophilic attack of chloride 
ion would then give the amide. 


OCHjCHjCl 

CV,H^CHX=XH 

104 


O'' 


CgH.CHjC 



xhciixhxi 



the chapman rearrangement 

The quinazoline 106 is conrerted to the trievM.v. ** 

distillation at 211 » so ^as been suggested tLt 
hy ^y ot 107. The mechanism for the formation of ToT-°“ 

A route analogous to that suggested for the rearr«« onceitai. 

unlikely, since this ^^ould involve formation of an 

diethylamide anion. containci'' f. ^ 


CaHj 

OCHjCHjN— CgHj 
i^N 

i -N^Cl 




107 
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The cyclic imine 111 has been converted to the urethan 112 by heatmg 
with lithium chloride.®^ The reaction probably proceeds by halide ion 
attack to give the intermediate shown, which then closes in the alternative 
sense to the final product. 


CeH.N^- 


111 


o© 


Q D 


>OCH.CH«Cl^ CfiH-: 


H^C 

ci\ 


I 

o 


Cl CH 2 



112 


The tetrazole 113 is converted to the hydrazide 115 in refluxing phenol. 
Tile reaction presumably proceeded through the intermediacy of 
which, Huisgen suggested, rearranges via a five-membered cyclic transi- 
tion state. This route, which would involve a hydride shift, supposedly 
took precedence over the Chapman rearrangement because of the larger 
ring involved in the transition state.®^ 


X 






4- C,H,OH 


OCeH. 

1 

CgHs— C^NNHCgHjJ 



O 

r 

C.H^CXHNlCeH^), 


115 


As a natural o.xtension of his study of arjd imidatcs. Chapman examined 
sulfur analogs such as 116. At 2S0-20O" for 2 hours, isomerization to 
look ])lacc only to a small extent. At 320', both 116 and 117 gave a 
mixture coiuaining diphenyl sulfide, benzonitrile, thiophenol, and the 
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benzthiazole 118. Since both reactants gave the same mixture. Chapman 
suggested that the rearrangement is reversible.^ 


SC.Hs S 

I -> II 

C.HjCb^NCgHs CgHjC— N(C bH 5 )j 



In a series of papers Chapman reported on tlie analogous am- 
idines.**"'*-®^'®* Here, as expected, the rearrangement was shown to be 
reversible. Either 119 or 120 on heating gave the equilibrium mixture 
shown in the equation.®® 


I 322-323' 

CjHjNC^NCgH, (C, 

I 


130 

(35-40%) 


CH, 


Chapman also heated a mixture of triphenylbenzamidine and tri-p- 
tolylbenzamidine. Since the mixture after heating had the same melting 
point as before, it was concluded that no mixed amidines had been formed 
and that the reaction is intramolecular.^ The mechanism is probably 
completely analogous to that of the Chapman imidate rearrangement. 
Ill the amidine rearrangment, if all three N-aryl groups are different, an 
equilibrium mixture of three components should result, but, if the three 
aryl groups are identical, arj'l migration leads only to starting material. 

Chapman® believed that the thermal rearrangement of arj*l imidates 
was reversible, but, since heating aroyidiphenylamines failed to produce 
detectable amounts of imidates, he concluded that the equilibrium hes 
80 far to the amide side that reversibility is not appreciable No examples 
of the reverse reaction have been reported thus far 

The thermal rearrangement of aroylazindines such as 121 to cyclic 
imidates 122 has been reporteil. Since this reaction is readily cataU-zed 

**Oimr*n*n, J.CJtnH So«., 1S2®, S2SS. 

Chupmait../. CAem. See., 1929. 2133 
*• Chaproan and IVrrott,./. CAwa, See., 1930. 2IS2 
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by acids or nucleophiles (iodide ion), it is uncertain whether the 
uncatalyzed reaction really occurs.®" 


O 


ArCX 




121 


^x— 

122 


experimentai. conditions 
N-Arj^lbenzimidoyl Chlorides 

The conversion of amides to imidoyl chlorides has generally been 
carried out by heating nith an equimolecular amount of phosphorus 
pentachloride, usually without solvent.®^®® The reaction often begins 
spontaneously at room temperature, and, after removal of the resulting 
phosphorus oxychloride, the product may be isolated either by crystsb 
^zation or distillation, the latter being preferred for low-melting solids. 

requently , after removal of the phosphorus oxychloride, the crude 
product IS used directly without purification.^®*^®.®^,^ Occasionally, 

carbon tetrachloride®® or toluene®'” has been used as a solvent for the 
reaction. 

Thion\l chloride has been used less frequentlv but has given equally 
good results, as exemplified by the preparation of X-pheny1- 
enzunidoyl chlonde in 9 . 5 % or better yield.ss-ioi pho.sphoms oxy- 
Ir! I ®®s®^d for the preparation of X-{9-phenanthryl)benzini- 

} u- peld was given.® The authors of this chapter 

^ iriferior to phosphorus pentachloride or 

chbride preparation of X-(4-fiuorophenyl)benziniidoyl 


Aryl N-Arylbenzimidates 

ku!13 "7:'’®®^-®®^™!®!®®®^ ®va= fi^t prepared by Hantzsch from a 

etbirTO^'V^ P^tno.xide and X-phenylbenzimidoyl chloride in 

treatinft ^ imidates have been synthesized by 

le paenol with sotliiim ethoxide in ethanol and then adding 
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the imidoyl chloride in ether The reaction, which is often run 
under nitrogen, takes place readilj- at room temperature. The imidates 
are usually crj’stalline and are easily isolated, generally in high yield. 
Commercial sodium metlioxide in methanol gives equally good results.^-** 
A slight excess of the phenol is often used. 

Dioxane^ and ethyl acetate*^ maj’ be used instead of ether for dis- 
solving the chlorides. Cookson has also prepared imidates from phenols 
and imidoyl chlorides in pyridine, the last reagent serving both as base 
and solvent.^ Easson has treated sodium salts of cyanophenols in 
P3Tidine with either the molten imidojd chloride or the chloride in 
p^Tidine.*” Good results were also obtained from phenols, chlorides, and 
triethj'lamine in ether or dioxane.^ 

N-Aroj’ldiarylamlnes 

The Chapman rearrangement has usually’ been carried out by heating 
the imidate without a solvent. In most cases, temperatures of 250-300® 
are used. However, imidates derived from acidic phenols will rearrange 
at lower temperatures, o-nitrophemd N-phenjdbenz imidate being con- 
verted to X-benzojd-o-nitrodiphenjdamine in 1 hour at 165®.® Usually 
heating periods of less than 3 hours are sufficient. Imidates derived from 
methyl salic 3 'late are usuall 3 ' rearranged b}' heating at about 280® for 
about 10 minutes.^® The reaction is exothermic and the internal temper- 
ature ma 3 ' g(\ above 300° if a large quant it 3 ’ of imidate is p 3 Tol 3 "zed, In 
experiments w here temperature control is not critical, the vessel used for 
the rearrangement ma 3 ’ be heated bj' a Wood’s metal bath If more 
careful control is desired, a constant external temperature ma}’ be held 
b 3 ' heating the tcsscI w ith the vapors of a high-boihng materia] such as 
bibenz 3 ’l,®® 

In a few reactions, solvents have been used. Cookson was unable to 
obtain cr 3 ’stalline rearrangement products b 3 ' heating certain iodine- 
containing imidates without solvent. However, w'hen nitrobenzene 
(b.p. 209®), diphenyl ether (b.p. 259®), biphen 3 l (bp. 254°), or o- 
dichlorobenzene (b.p. 180°) was used as solvent, the desired product could 
be obtained in reasonable 3 ’ield in some cases.*® Dowtherm was used 
successful as the solvent for rearranging many c 3 'anoimidate.s 
Imidates derived from o-nitrophenol have been rearranged in boiling 
anisole (b.p. 165°) and even p 3 Tidine (115®).*® In Wiberg’s* kinetic 
studs- of the Chapman rearrangement, diphenjl ether was used as the 
solvent. 


I Chapman, J. Chtm. Soe.. 121, 1676 (1912). 
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Hydrolysis of Rearrangement Products 

Hydrolysis of tlie rearrangement products was first- carried out by 
Chapman who heated under reflux a mixture of 10 g. of X-benzojI' 
diary'Iamine, 50 ml. of 50% aqueous potassium hydroxide, and 125 ml^ of 
ethanol mr 2 hours Essentially the same method of basic hydrolyris 
has been used in almost all cases reported, the onlv changes being fo 
the relative proportions of reagents. Sodium hyixjxide in aqueous 
e thy hue glycol has been employed to hvdrolvze a series of cyano- 
substituted X-benzoydamines.^ 

Hy-drolysis of the rearrangement products derived from methyl 
salicylate to derivatives of diphenTlamine-2-carboxyiic acids is abo 
med out with excels base in aqueous etbanoP^ or aqueous dioxane.*^ 
^ same procedure, but with equimolar amounts of alkali 

an ^^-benzoyl ester, is used for the partial hvdrolvsis of these compounds 
to the X-benzoyd acids 


Acrid ones 

-^though acridones have been prepared directlv from benzimidate-= 
and Irom derivatives of X-'benzoyldipheny]aimne-2-carboxTlic acid, very 
ew examples have been reported. Because detailed* experimental 
' .on. ave rarely been given, little can be said about experimental 
con ^^5onv. For the preparation of acridones via other routes, the reader 
should consult Acheson.^*-' 
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at 110-1 16*/0-^5 mm., tlirough a short Vigreux column. Kapid distil- 
lation is necessary to prevent the yellow distillate from crystallizing in 
the apparatus. The jdeld is 41.Gg. (98%) of almost white solid, in.p. 
58-63°. 

Phosphorus Pentachloride. {a) A mixture of 10.8 g. (0.05 mole) of 
4'-fluorobenzanilide and 10.4 g. (0.05 mole) of phosphorus pentachloride 
is heated under reflux for 1 hour. After removal of the phosphorus 
oxychloride at water pump vacuum, the product is distilled using an oil 
pump to give 10.6 g. (91 %) of product. 

(h) The phosphorus oxychloride is removed as described above, and 
the residue is crystallized from hexane to give 9.3 g. (79 %) of white soh'd. 
The product is less pure than the distilled material and gives a cloudy 
melt. Recystallization from hexane gives the product, m.p. 62-65°, in 
54% yield. 

o-CarbomethoxyphenyJ N-Phenylbenzimldate.^®>*® A 250-mI. 
three-necked flask, equipped w ith a Hershberg stirrer and a delivery tube 
arranged so that a slow stream of nitrogen passes through the liquid, is 
charged with 100 ml. of absolute ethanol to which is added 1.9 g. 
(0 083g, atom) of sodium. After the conversion to sodium ethoxide is 
complete, the solution is cooled to room temperature and a solution of 
15.2 g. (010 mole) of methyl salicylate in 15 ml. of absolute ethanol is 
added quickly. A solution of 17.3 g. (0.08 mole) of N-phenylbenzimidoyl 
chloride in 30 ml. of dry diethyl ether is then added within a few minutes. 
The reaction mixture is stirred overnight at room temperature under 
nitrogen, most of the solvent is removed in vacuum, and the residue is 
mixed with water. The insoluble solid is recrj'stallized from absolute 
ethanol to give 23.5 g. (89%) of white prisms, m.p. 114-117“ Ultraviolet 
(ethanol); ylmix 227 m/i (c 27,345) and 275 m^M (c 11,720). Infrared 
(KBr); 5.82p, 600p. 

p-Fluorophenyl N-(p-FloorophenyI)ben2lmidate4* In a 250-ml. 
flask equipped with a magnetic stirrer, 6 5 g. (0.12 mole) of sodium 
methoxide (Matheson, Coleman and Bell) is dissolved in 125 ml. of 
methanol and the solution is cooled to about 20“. Then 13.4 g. (0 12 mole) 
ofp-fluorophenol (Aldrich) is added all at once In the course of the next 
few minutes a solution of 23.4 g. (O.IO mole) of N-(p-fluorophenyl)benzim- 
idoyl chloride in 50 ml. of dry ethyl acetate is added. The mixture turns 
cloudy at once, and the temperature rises from 25“ to 37“. 

The mixture is stirred for 3 hours, after which time the solvent is 
removed in vacuum. Water is added and the white insoluble solid filtered 
and washed with water. After air-drying, 27 g. (m.p. 99-106“) of the 
product is obtained which upon recrj-stallization from absolute ethanol 
gives 25.5 g. (83%) of material which melts at 105-109“. Ultraviolet 
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(ethanol) ; Amax 220 (shoulder, € 16,300), 229 lUfi (shoulder, e 15,500), 
266 mjx (e 6560), and 272 (e 6500). Infrared (KBr): 6.08 fi. 

o- Garb omethoxy phenyl N-[(o-Garbomethoxymethyl)phenyl]- 
benzimidate.^'^ ^[(o-Carbomethoxynaethyl)phenyl]benziniidoyl chloride 
is prepared by mixing 56.5 g. (0.21 mole) of methyl o-benzamidophenyh 
acetate^ and 43./ g. (0.21 mole) of phosphorus pentachloride in a 500-nd* 
flask. The reaction begins spontaneously at room temperature, and 
hydrogen chloride evolution occurs with extensive foaming. The mixture 
is then heated gentty on the steam bath until the gas evolution virtually 
ceases. The phosphorus oxychloride is removed in vacuum below 50 , 
toluene is added, and the solvent once again removed in vacuum to leave 
the crude imidoyl chloride as a dark red oil, which is used Avithout 
purification. 


Meanwhile a solution of 12.4 g. (0.23 mole) of sodium methoxide in 
^0 ml. of methanol is flushed with nitrogen and cooled with an ice bath- 
To this is added with stirring a solution of 35.0 g. (0.23 mole) of methyl 
sahcylato in 50 ml. of methanol. The crude imidoyl chloride in 65 nJ. 
ot anliydrous diethyl ether is then added during 5 minutes. The ice 
at 1 IS removed and the cloudy tan mixture stirred for 3 hours at room 
mpera^re, after which water is added and the product taken up i^ 
er. he red extracts are dried and the solvent is removed to give a 
dark oil w'hich solidifies and is ciy^staUized from methanobhexane to 
urnisi 59.2 g. (70%) of yellow^ prisms, m.p. 60-64°. This material is 
^ used direct^ in the Chapman rearrangement. Tvo 

recp^stalhzations from methanol give a .vhite solid, m.p. 62-65°. Ultra* 

/KRi ^^max228m// (e 24,000), 278 m;/ (€ 5400). Infrared 

(KBr): o.80 ;/ and 5.97 //. ^ 

N-Benzoyldiphenylamine 2.12 Five grams of phenyl N-phenylbenz- 

flint r Id a small pear-shaped flask carr3dng a thermometer 

mcta for anLur in a Wood’s 

heating is 30.^310= c!^. f m temperature during tbt“ 

e hmln" • the tan solid .'ith 

of product, m.p. ITT-lSl^ i.s obtained. 

(^1-oulderc 13in()) (ethanol): 23o mn 

Mcthvl V Ttn ’ " , ^ \ lofrared (KBr): 6.09 //. 

»n.l confining 30g. «< 

liotli. Wlicn llic nl'i'i : '* ’on.vHjcncimiHnle ic hcnlcd in a Woofl's mclat 

l-gl«. am .",fr 

rnal temperature quickly rises to 2GfF. After about 
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a minute, the internal temperature begins to drop. The bath is then 
heated for 10 minutes at 280'’. Tiie dark melt is cooled somewhat, then 
jKmred into 160 ml. of hot absolute ethanol. On cooling, the product 
crj-stallizes to give 24.5 g. (82%) of slightl3' yellow solid, m.p. 133-135.5°. 
Ultraviolet (ethanol); inflection at 273 m/i, e 6830. Infrared (KBr); 
5.80 6.04 fi. 

Methyl 2,6-Dnodo-4'-methoxydiphenylamIne-4-carboxylate.^ 
A solution of 4.0 g. of 4-carbomethoxy-2,6-diiodophenjd-N-p-methoxy- 
phenylbcnzimidate^ in 12 ml. of o-dichlorobenzene is heated under 
reflux for 80 minutes. Petroleum ether (b.p. 100-120°) is added until 
crystals begin to separate from the boiling solution. On cooling, 
3.8 g. (95%) of the product is obtained. After reci^’stallization from 
toluene-petroleum ether (b.p. 100-120°), the pure material melts at 
205°. 

4-Fluorodiphenylamlne.^3 ^ mixture of 10.9 g. (0.037 mole) of 
N-benzoyl-4-flviQrod\pKenylamine, 30 g. of potassium, hydroxide in 30 ml. 
of water, and 125 ml. of ethanol is heated under reflux for 2 hours. Water 
is added and the mixture is concentrated in vacuum in order to remove 
most of the the ethanol. The cloudy mixture is then extracted three 
times with diethyl ether and the extracts dried. Removal of tlie solvent 
gives a dark red oil vhicli is vacuum-distilled with a small Vigreux 
column. The product is obtained as a yellow' liquid, b.p. 78-80°/0 01 mm., 
which crj'stallizes on cooling, m.p. 33.5-35.5° ; jueld 5.9 g. (85 %). Ultra- 
violet (ethanol): 241 m^ (shoulder e 3860), 281 m// (c 18,600). 

Infrared (chloroform); 2.99 p. 

N-Benzoyldlphenylamine'2-carboxyllc Add.^® A mixture of 
24.5 g. (0,074 mole) of methjd N-benzoyldiphen3iamine-2-carboxy]ate, 
3.8 g, (0.070 mole) of sodium methoxide, 180 ml of ethanol, and 75 ml of 
W'ater is heated under reflux for 2 hours. The resulting pale orange 
alkaline solution is diluted with w'ater, washed once with ether, and 
acidified with excess hydrochloric acid. The precipitate is filtered and 
w-ashed with water. After drying for 1 hour at 95°, 21 g of crude product 
is obtained which, after recrystallization from acetone-pentane, affords 
white crystals, m.p. 190-193°. The yield is 18.9 g. (80% based on 
N-benzoyl ester). 

Diphenylamine-2-carboxyllc Acid.*®'®* Two grams (0.006 mole) of 
methyl N-benzoyldiphenjiamine-2-carbQxylate is treated with a solution 
of 8 g. of potassium hy'droxide in 20 ml. of water and 60 ml. of methanol 
The mixture is heated under reflux for 2.5 hours, diluted with water, and 
a trace of insoluble material is removed by filtration. Excess hydro, 
chloric acid is then added and the mi.xture is heated to boiling to dissolve 
benzoic acid. The insoluble product is filtered hot and washed with 
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boiling water to give a white powder, m.p. 169-179°. One recrystal- 
lization from ethanol- water gives 1.0 g. (77 %) of product, m.p. 188.5-191 . 
Ultraviolet (ethanol); Amax 220 m/z (e 21,800), 287 m/z (e 13,900), 
348 m/z (e 6500). Infrared (KBr): 3.00 6.02 /z, 

2,4,7-Tribromoacridone.^®® (a) N-!Benzoyl-4,4^,6-tribromodiphenyl' 

amine-2-carbox3^hc acid (5.0 g., 0.009 mole)^^^®® is heated at 300-350° 
for a few minutes. The material is boiled with a little aqueous sodium 
h3’’droxide, then with water. Recrystallization from m-cresol furnishes 
2.17 g. (56%) of pale yellow needles, m.p. >340°. 

(h) A mixture of 1.0 g. (0.0018 mole) of methyl N-benzo3d-4,4 ,6- 
tribromodiphenylamine-2-carboxylate^^*^®^ and 2,10 ml. of concentrated 
sulfuric acid is heated at 160—200° for about a minute. On cooling, the 
product crystallizes to give 0.66 g. (87 %) of the acridone. 

5-Methyl- 1,2-benzacridone.^® 2-Carbomethoxy-6-methylphenyl 
iJmaphthylbenzimidate^ (22 g., 0.056 mole) is heated at 360° under 
nitrogen for 0.5 hour. Methyl benzoate is formed and boils away. The 
residual solid is cooled, w^ashed w'ith benzene, and recrystallized from 
nitrobenzene to give 5.5 g. (38%) of yellow needles, m.p. 264—265°. 


TABULAR SURVEY 


In listing benzimidates 


OR 


R"— C=^rR' 


compounds vith R = R' = phenjd are named first. Next, derivatives 
of phenol (R = phenyl, R' varies) are listed, and, last, compounds wiiere 
R vanes are listed. Within each group, monohalo derivatives are named 
irst, foUowed by nitro-, hj-droxj--, methoxy-, and alk>d-substituted 
compounds. Imidates with one carbon\d-containing substituent are 
named next. Finally, compounds with more than one substituent on 
the key radical are listed, followed by imidates derived from polycyclic 
and hetcrocv’clic phenols. 

In the tables a dash (— ) indicates that, a compound has been prepared 
u no yield was given. Omission of both the yield and the dash sho^vs 

rnt leading to the compound in question was not attempted. 

1 he literature coverage includes July, 1963. 

^ particular li.sting arc located in the last column- 

unih r ti *'* occur, indi\'idual citation.s appear in parenthc.sc5 

under the appropriate heading. 

'•» ^.-,,1 Uol.m.f>n. J. Chm. So<., 1953 , 23;. 
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INTRODUCTION 

This chapter is concerned with reactions which lead to the formation of 
a new carbon-carbon bond by replacement of X from the electrophihc 
reagent RCON(R')CH(R'')X, where X is halogen, —OH, —OR, — OCOK, 

— XHCOR, — XR2 or — XRj. The group R' may be hydrogen or alkyl 
or, in important instances, a second acyl group, as in the corresponding 
derivatives of phthalimide, o-C,Tl,{CO)^l!^CR(R'')X. In a few cases a 
sulfonyl group may replace the acyl group of the electrophilic reagent. 

The"^ nucleophiles that react with these reagents fall into two broad 
groups ; aromatic compounds and aliphatic compounds containing reactive 
methylene or methine groups. The first may be illustrated by the 
phthalimidomethylation of benzene, and the second by the reaction of 
ethyl acetoacetate with N,N'-benzylidenebisacetamide. 

o-C 6H4(CO)2NCH20H CoHg > o-C5H4(CO)2NCH2CsH5 -f H 2 O 

(CH3C0)20 

C6H.CH(NHC0CH3)2 CH3COCH2CO2C2H5 ^ 

C6H.CH(NHC0CH3)CH{C0CH3)C02C2H5 -f- CH3COXH2 

Also included in this review are the methods for preparing the electro- 
philic reagents. They are followed by a listing of compounds structuralK 
related to them, and which, consequently, must be regarded as potential 
amidoalkylating agents. Portions of the material in this chapter ha\c 
Vjcen reviewed elsewhere 

MECHANISMS OF THE REACTIONS 

The reactions considered ia this chapter include acid-catalyzed, base- 
catalyzed, and thermally induced processes. They, like the corresponding 
a-arninoalkylation reactions,^ probably encompass a considerable portion 
of the mechanistic spectrum of hctcrolytic organic chemistry. Detailed 
studies are almost completed lacking. Nevertheless, some general 
outlines of the mechanistic possibilities can be drawn. 

Although cryoscojiic studies in 100 % sulfuric acid have yet to be 
re})orted, it seems likely that, in very strong acids of high dielectric 
constant, electrophiles lacking a hydrogen atom on the nitrogen atom 
undergo appreciable dissociation to a carbonium-immonium ion. In the 

* H <-11 rn aim, An<jt\r. CA'm,, 69, -103 {1937). 

* Schft’»t/r in JJoultfn-Wryl ^Itthod^n d*^r Or^nninr}if‘n Ch^mx^. Vol. XI/1, 

Ktuttv’art, 1937, pp. 

* HfUTnann rvTul Opitz, ViTln;: Wetnhrirn, 19<»0, 

pp. 61^79, 
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presence of weak nucleophiles (e.g., aromatic rings) bimolecular electro- 


RCON(R')CHjX : 


RCO(R')NCHj 

t ^ 

RCO{R')N=CHj,_ 


philic displacement {Sg;2) of protons from C—H bonds usually follows. 
Under the same conditions amide derivatives having a hydrogen atom 
attached to the nitrogen atom (R-' — H) may give the analogous cation, 
but other forms are more likely. Thus, when nitnles are treated with 
formaldehyde in strong sulfuric acid, sulfur-containing intermediates have 
been isolated.*** Evidence indicates that these are sulfate esters W'hich 
in strong acid equilibrate with their corresponding carbonium ions.*“® 
Granting the existence of these structures, identical species should, of 
course, be formed when the amide, RCONHCH 2 X, is dissolved in strong 


RCN + CH.O RC=NCHjX RC^NCHj + HX 

( I 

OSO3H OSOjH 

{X-Oir or X=C(R)OSO,H) 

sulfuric acid. That such a common electrophilic intermediate is present 
is suggested by the recent finding that nitriles and formaldehyde in either 
strong sulfuric or strong phosphoric acid can substitute effectively for the 
corresponding methylolamides in the amidomethylation of aromatic 
compounds.* 

In acid-cataij'zed processes associated with media of low dielectric 
constant it is unlikely that appreciable preformed concentrations of 
carbonium ions are present In such processes, reaction with weak 
nucleophiles probably involves either tight ion pairs or incipient carbonium 
ions formed by an process. 

Reactions in neutral or basic media of amide derivatives 


RCON(R')CH(R')X 

lacking a hydrogen atom on the nitrogen atom exhibit characteristics of 
'S,v2 processes. Thus, more nucleophilic reactants are usua y 
under these conditions, and reactivity toward comparable nucleophites 
generally diminishes with decreasing stability of the leaving group X, 
It must be recognized, however. 


he., halide i 


--R 3 N > OH---OR 


‘ Faria, Reith, and Salisbury, A> 

* Parna and Chriatanson, J. Org. Chtm., 25, 

• Moury and Rmgweld, J. Am. Chtm. Soc., 72. 4^39 (19S0). 


Chtm Soc.. 73, 1028 
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that even under these conditions the presence of proton donors can assist 
the removal of X by an acid-catalyzed process. These considerations 
also apply to similar reactions of amide derivatives vith Vv = H, but 
with the added opportunity for a mechanism involving an azomethine 
intermediate. This elimination-addition scheme appears to provide the 
most attractive mechanism for most of the thermalh^ induced amido- 
alkylation reactions. 

HCONHCH(R')X RCON=Cim' RCOXHCH(R'')A 


SCOPE AND LIMITATIONS 


General Considerations 


The N-methylol-amides and -imides are the most important electro- 
philes to be dealt with here. They are readily prepared by the reaction 
of formaldehyde with primary’' amides and imides, and their stability 
toward heat and acid is sufficient to permit their use under drastic reaction 
conditions. Furthermore, they can be emploj^ed as intermediates for the 
preparation of most of the other useful electrophiles. 


RCONHCH^OH 


— > RCONHCH2X 
EOH.H S 

V RCONHCHoOR 

E-MI ^ 

— > RCONHCH2NR2 

RCOXK, 

^ > (RC0NH)2CH2 


Unlike formaldehyde, most higher aldehydes in their reactions vfth 
amides do not stop at the RCHOUNHCOR' stage but react further to 
produce N,N'-alkylidenebisamides, RCH{NHCOR')2. Thus, whereas the 
amidometh\^lation reaction permits a relatively broad selection of electro- 
philic reagents, the homologous a-amidoalkj'lation reactions have been 
restricted almost exclusively to the use of N,N'-alkylidene- and N,K'' 
ar^'lidene-bisamides. As the reactivities of these derivatives often are 
to be found at the lower end of the electrophilic scale, their usefulness is 
further limited b}’ the consequent requirement of comparatively high 
nucleophilic reactivity for the other reactant. 


Structural Considerations 

Structure of the Electrophile. Any structural feature tending to 
stabilize an incipient carbonium ion in either an *S^vl or an process 
must enhance the rate of reaction with a given nucleophile. * However, 
if ionization is not rate-limiting, the reverse is true, since stabilization of 
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a preformed cation must thereby decrease its tendency to lose its charge 
through electrophilic attack. Therefore, in going from reaction conditions 
where an Syl or 8^2 mechanism prevails to a situation favoring the rapid 
pre-equilibrium production of carbonium ions (solv^ated or paired), one 
would expect to encounter an inversion in the reactivity sequence of a 
series of electrophiles. Xo quantitative work has been reported for 
a-amidoalkylation reagents. Nevertheless, indication that such an in- 
version in sequence applies to these reagents follo\vs from a qualitative 
consideration of the results of several u'orkers. 

de Diesbach studied the reactions of a series of N-methylolamides in 
concentrated sulfuric acid at room temperature.^ He found that amido- 
mcthylation of 1,3-dimethylanthraquinone in the 4-position succeeded 
with N-mcthyloltrichloroacetamide and N-methylolphthalimide but failed 
with N-methylolbenzamide. Phenanthrenequinone gave both a 2-mono- 
and a 2,7-di-substituted product with N-methyloltrichloroacetamide and 
N-methylolphthalimide, but only the monosubstitution product with 
N-methylolchloroacetamide. 2,4-Dimethylbenzophenone gave both a 
5-mono- and a 3,5-di-substituted product with N-methylolphthalimide, but 
only the monosubstitution product with N-methyloltrichloroacetamide. 
These results enable one to construct the qualitative reactivity sequence: 
o-C,H^(C 0)2NCH20H > CCI3CONHCH2OH > CH2CICONHCH2OH > 
CjHjCONHCHjOH. Tliis order is the reverse of that expected for the 
stabilities of the corresponding carbonium ions (i.e , delocalization of the 
© © 

type RC0NHCH2 <-> RCONH^CHj should be greatest for the benzamide 
derivative) and suggests that, in concentrated sulfuric acid, reactivity is 
determined by the relative electrophilicities of preformed carboniuinions, 
Tawney and co-workers prepared N-methylol- and N-cbloromethyl- 
maleimide and compared their chemical properties with those of the 
corresponding phthalimide derivatives ® Although direct comparisons 
of their reactivities with aromatic compounds were not made, these 
investigators did establish thatthe hydroxyl group of N-methylolmaleimide 
was readily displaced by amines in dioxane solution and by o-nitrotoluene 
in concentrated sulfuric acid, and that N-chloromethyIraaleimide readily 
underwent the zinc chloride- catalyzed reaction with benzene and phenol. 
However, unlike the corresponding phthalimide derivatives, N-methyloI- 
maleimide uoiild not react with hydroclilonc acid to give the N-chloro- 
methyl derivative, nor would the latter solvolyze in ethanol to give 
N-ethoxymethjdmaleimide. Taumey and co-workers explained these 
striking differences by suggesting that the nitrogen atom in the maleimide. 


» do Diesbach, Htlv. Chxm. Acta. 23, 1232 (1940). 

• Tawney, Snyder, Conger, Leibbrand, Stiteler, and IVaiiama, Otg Chcm., 26, 15 (1961). 
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being more electronegative than that in the phthalimide, renders stabiliza- 
tion of the incipient carbonium ion 

\ ^ 

/ 

less effective in the former derivative. In an Syl process this ^vould 
retard rate-limiting ionization, and in an Sy2 process it -would make bond 
forming more important in the transition state and require a greater 
nucleophUicity of the attacking reagent. 

The ultimate effect of this trend can be approached by substituting 
other electronegative groups directly on the meth 3 dol carbon atom. 
Esters of o-h^’droxj^-S-hydantoincarboxylic acid gave only the corre- 
sponding amides vnih primarj' amines.® The hydroxyl group remained 
unaffected. Apparentlj^, so many electronegative groups are attached 

C03 COXHK' 

! ‘ 1 

XHCOH XHCOH 

K'XH- / I 

^ CO 

\ i 

XHCO XHCO 

to the usuallv' reactive meth\’lol carbon atom that insufncient development 
of positive charge in the transition state is available even for the attack 
of stronglj’ nucleophilic amines. One might predict, however, that, if ^ 
carbonium ion could be generated from this or related h^’droxyhydantoins, 
electrophilic reagents more reactive than an^'thing obtainable from the 
simple meth\dolaraide5 would be produced. 

Clear]\% in an electrophilic reagent that reacts b^’ a pre-equilibrium 
dissociation the nature of the anionic leaving group is immateriaL The 
most easih* accessible derivative then becomes the reagent of choice. 
view of the read\* availability of X-meth^dolamides, it is not surprising 
that the\* have been used to the virtual exclusion of other a-amidoalkyl 
derivatives irhcn Hrong snljuric acid is the. reaction medium. It is only 
under less drastic reaction conditions, or when a more active nucleophile 
is involved, that tlie stability of the group depart inc from the electrophile 
becomes .significant. Tliis will become more apparent from a consider- 
ation of the effect of nucleophile structure on the -scope of these rcactions- 
Structure of the Xucleophile. As alreadv indicated, two general 
group- of nucleoj)hiles fall within the scojx* of this chapter: aromatic 
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compounds and aliphatic compounds containing an active hydrogen atom 
attached to a earhon atom. The range of aromatic reactivity can best 
be illustrated by consideration of four examples; benzoic acid, benzene, 
phenol, and 2-naphlhol. 

As exiTcctod of such a poor nucleophile, benzoic acid requires reaction 
conditions ensuring attack by a strongly electrophilic species. Thus all 
the successful nmidomcthylations of benzoic acid so far reported involve 
reaction of a incthylolamide in concentrated sulfuric acid at room temper- 
ature. Although N-mcthylolbenzamide gives the 3-amidometh}*Iated 
product in only 8 % 3'feld under these conditions,^® J'T-methjdoIehloro- 
acetamidc” and N-metludolphthalimide^^ are converted in 54% and 60% 
J’ields, respcctivch’. Again, these results agree with expectations based 


C,HjCO.H + RCOX(R')ClljOH - 


:HjX(R')COR 


on previous considerations of relative electrophilic reactivities in strong 
sulfuric acid. 

Benzene is readily' substituted under similar conditions Indeed, a 
32 % j'ield of a 1 ,4-disubstitiited product lias been reported with N-meth^d- 
olbenzamide in concentrated sulfuric acid Such drastic conditions, 
however, are not required for simple substitution Although N-bromo- 
meth3-lphthalimide is inert in boiling benzene, addition of a trace of 
anh3’drous zinc chloride suffices to catal3”zc an exothermic reaction leading 
to N-benz3dphthalimide in 94% 3deld 


o-C,H,(CO),XCHjBr o-CgH.iCOjjjNCH^CsHs 

Bhenol. which does not react with N-meth3dolphthalimide in boiling 
benzene, is readily attacked b3" N-bromometh3dphthaIimide under similar 
conditions even in the absence of a Lew is acid catalj'st. A 51 % 3'ield of 
mixture of approximatel3" equal amounts of 2- and 4-phthalimidometh3’l- 
phcnol is obtained.!* Interestingly, no 2,4-diphthahmidomethylphenol 

** Litihorn, BigchkopfT, «.nd Sielmski, Ahn , 343, 223 {1905) 

Kinhom and J!8uemi8>er, Ann , 343, 282 (1905) 

“ Oda, Tfraraura, Tanimoto, Nomura. Suda, and Jfatsuda. Bull. Inst. Chem. Rts. Kyoto 
Vntv.. 33, 117 (1955) [C.J.. 51, H355 (1057)]. 

*’Keiiiticsc« and Dinulcacu, ifer. CA>m. Acad. Bep. Bopulam Boumame, 2, 47 (1954), 
ComrMtin. Arad. Btp, Populatre Bomdne, 4, 45 (1954) [C 4-. SO, 15445 (1956)]. 

“ II. i;. Zaug;;, unpublished data 

** Zangg and Schaefer, J, Ory. Chem. 28, 2925 (1963) 
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is formed. This material accounts for 32 % of the product when phenol 
is treated with N-methylolphthalimide in concentrated sulfuric acid.^ ’ 
2-Naphthol represents a near approach to the ultimate in nucleophilic 
reactivity toward a-amidoalkylation reagents. At room temperature m 
an ethanol solution containing 1-2 % of hydrochloric acid, it reacts wit 
N-methylolbenzamide to giye l-benzaniidomethyi-2-naphthol quantita 
tively in 2 hours.^o (The more nucleophilic aromatic heterocycles, such 
as the polymethylpyrroles,^*^ also resemble 2-naphthol in their reactivit) 
toward various methylolamides.) 2-!Naphthol is sufficiently nucleophilic 
to undergo smooth a-amidoalkylation with N,N^-methylene- and 
arylidene-bisamides.^® Although phenols and even phenol ethers an 



( 94 %) 

esters react in like manner, the diminished reactivity of the bisamides 
clearly restricts their usefulness in the aromatic series to substitution m 
activated rings. 

Conceivably, aromatic nucleophilicity could be increased by employing 
an aromatic Grignard reagent. The orientational ambiguity often as- 
sociated with the direct substitution methods also v^ould be obviated 
thereby. The only example of this approach however, appears to be the 
reaction of phenylmagnesium bromide with N-benzojddiphen^dketimine 
(see p. 77).^^ 

Aliphatic compounds containing methyl, methjdene, or me thine groups 
sufficiently reactive to undergo a-amidoalkylation represent a vide 
variety of structural types. They include cyclic and acyclic ^-dicarbonyl 
compounds of all types, ^-cyano esters, activated nitriles, nitro alkanes 
and /5-nitro esters, certain non-aromatic heterocyclic compounds with 
active methine groups in the ring, heteroaromatic compounds with 
activated methyl groups, acetylene, and hydrocyanic acid. !Most of these 
iypQH possess nucleophilic reactivity in tlie range of that possessed by 
phenol in the aromatic series. Hence some of them can undergo reaction 
with the whole range of a-amidoalkylation reagents, including the weakh 

T»chrm>f\r, Cior. imt. 134, 979 {Chrm. Zentr., 1902, 11, 1084). 

ri«whcT nml .-triM., 443, 113 (1925). 

Inhlflfttc, S«‘kiyft, niul Ynimthnrn, Chrm. lUr,, 93, 2898 (19C0). 

*» Ivnnoir. Dallarhj Alnd, Saul SSSU, 109, 537 (19.70) [C..-!., 51, 4997 (19.77)]. 
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electrophilic N,N'-bisamides. Ho^^ ever, unlike the aromatic nucleophiles, 
many of the reactive methylene compounds are unstable or undergo side 
reactions in strong acid. For this reason and because their corresponding 
anions invariably exhibit enhanced nucleophilic reactivities, a-amido- 
alkylations of these weak aliphatic acids are usually conducted in neutral 
or basic media. 

«-Amldoalkylation of Aromatic Carbon Atoms 

With N-Methylol-amides and -Imides (the Tscherniac-Einhom 
Reaction). In 1902 Tscherniac reported the condensation ofN-methylol- 
phthalimide with a series of aromatic compounds in concentrated or faming 
sulfuric acid.*® Subsequently Einhorn extended the reaction to a variety 
of readily available N-methylolamides .*®>***^26 'pjjg Tscherniac-Einhorn 
reaction,**^ together with its more recently developed variations (see 
below), bears a superficial relationship to the m ell-known Hlannich 

RCONHCH^OH + ArH RCONHCHijAr 

reaction.*-** However, the latter is usually restricted to the preparation 
of tertiary benzylamines, whereas amidomethylation, through hydrolysis 
of initial products, provides a route to primary benzylamines. Further- 
more, the scope of the Mannich reaction in the aromatic series is generally 
restricted to phenols or to equally nucleophihc ring systems. In contrast, 
some of the reagents available for amidomethjdation are even more 
electrophilic than the u.sual acylation reagents of the Friedel-Crafts 
reaction. Consequently the scope of some of the amidomethylations can 
be extended to aromatic systems usually considered rather inert to 
substitution. 

The facile amidomethylation of benzoic acid has already been discussed. 
Although experimental details have been reported only for chloro- 
benzene,** successful amidomethylation of the other halobenzenes and of 
benzonitrile and benzenesulfonamide has been claimed ** Benzophenone 
reportedly is inert to N-methylolamides in concentrated sulfuric acid, but 

•» Einhorn, Ger. pit. 168,398 {Chem Ztntr., 1905, I, 55) 

*' Einhorn and Cottier, Btr., 42, <837 (1909) 

” Einhorn and Ladisrh, Ann , 343i 264 (1905) 

” Einhorn and Ladisch, Ann . 343, 265 (1905) 

** Einhorn and Ladiach, Ann , 843, 277 (1905) 

** Einhorn and Sehupp, Ann., 343, 2S2 (1905) 

** Einhorn and Bprongerta, Ann., 361, 161 (1908) 

»» Bhcke, in Adams, Organic Beaeltont, Vol, I, John Wiley & Sons, New York. 1942, 
p. 303. 

•• 0'Cinn4ide, Nature, 175. 47 (1955). 
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its methyl and hydroxyl derivatives are easil}^ substituted.' Even nitro- 
benzene is subject to attack. In his original patent Tschemiac stated 
that a 3 -substituted nitrobenzene could be obtained from I?-methylol- 
phthalimide either in concentrated sulfuric acid at 50^ or in fuming sulfuric 
acid at room temperature.^® More recently the isolation of 3,o-bisphthal- 
imidomethylnitrobenzene has been reported using 20% oleum as the 
condensing agent.^ 

Because of its clear superiority over other readily available reagents, 
N-methylolphthalimide has been used most frequently in the Tschermac- 
Einhom reaction. This superiority arises from the high order of stability 
and reactivity of N-methylolphthalimide in strong sulfuric acid and from 
its ability to form crystalline readily isolable products from v’hich, if 
desired, the phthalimido group can be removed easily.®® Notwith- 
standing the fact that benzamides are generally more difficult to hj’drolyze 
than trichloroacetamides or even chloroacetamides, N-methylolbenzamide 
is used as frequently as the methylol derivatives of the tr\vo preceding 
halogenated amides. Examples of the use of N-methylol derivatives of 
most of the commonly available amides or imides are to be found. Yet, 
aside from their requirement for the synthesis of specifically desired 
derivatives, none appears to provide any particular advantage over the 
generally preferred reagents. The hitherto unreported N-methyloltn- 
fluoroacetamide, CF3CONHCH2OH (see p. 130), however, might show 
some superiority over the common reagents. In strong sulfuric acid it 
should be even more reactive than its trichloro analog, and the extra- 
ordinary ease of alkaline hydrol3"sis of trifluoroacetamide derivatives®^ 
would make it a convenient reagent for the preparation of benzylamines. 

Because they are more difficult to isolate, N-methjdol derivatives of 
monosubstituted amides, i.e., RC0N(P/)CIl20H, are seldom used.®®»^ 
However, Buc has avoided this difficult^' in the case of the two lactams, 
2-p3Trolidinone and y-valerolactam, merely b^" using a mixture of the 
amide and paraformaldeln’de in concentrated sulfuric acid.®^ 

X,N^-Dimeth\'lol derivatives of dicarboxamides and of urea ha^e 
also been emploN’ed. For example, l,3-dimeth3dolurea (1) and ethj-d 
2-furoate condense in concentrated sulfuric acid to give the sjmimet- 
ricalfr disubstitutcd urea 2 in 93% jfield.®® N,N'-Dimeth\’loloxamide, 


Bur, tJ.S. pat. 2,5?3,S40 [C..-!,, 46, 6544 (1952)]. 

Inc anti Manske, J. CArm. Soc,, 1928. 234S; Sheehan and Frank. J. Am. Chrm. 
71, 1S5C (1949). 

** Veyprand and CArm. Hfr., 88, 2G (1955). and previous references. 

IkjVime, Dick, and Dri'^en. CAem. /?rr., 94, 1879 (1901). 

Bohin*', Dri»*i»rn, and Sehunemann. .4 ttA. Pherm., 294, 344 (1901). 

Buc. U.S. pat. 2.652.403 48, 11495 (1954)]. 

MoU!enhau<T, Irion, and Marw itz. ^nn., 583. 37 (1953). 
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(C0NHCH20H)2, reacts slmilarl}'.^ Several reactions of 1,3-diniethylol- 

COlXHCHjOH), + [ 1 r I I 1 

C0[NHCH2ll^/l'C02C2H5j 

t 3 

urea have been reported in wliich only one of the reactive centers is 
attackcd.^~*® Thus, with 4-nitrophenol in sulfuric acid diluted with 
glacial acetic acid, the unsjmmetrical urea 3 is obtained.*® Although a 


OH 



NOj 




CHjCONHCH.OH 

( 

C(OH)CONHCH20H 

I 

CHjCONHCHjOH 


few’ N,N-dimethylolamides of tj-pe 4 are known, **‘*2 jg 

trimethylolcitramide (5),*® Tscherniac-Einhorn reactions w-ith such 
pol^’functional derivatives have not been reported, 

A large majority of aromatic amidomethylations reported to date have 
been conducted either in concentrated sulfuric acid according to 
Tscherniac’s original specifications or in the ethanolic hydrogen chloride 
medium used by Einhorn for substitution of the more nucleophUic aromatic 
sj’stems. Despite its long history, remarkably few’ attempts to vary the 
conditions of the Tscherniac-Einhorn reaction have been reported. Even 
fewer qualify as reasonably systematic studies of reaction conditions. A 
careful investigation of the phthahmidomethylation of acetanilide has 
been reported by Ota, Kaneyuki, and Matsui.** They studied the effect 
of varying the sulfuric acid concentration on the reaction of equivalent 
quantities of acetanilide (16g.) and N-methyloIphthalimide (2.0 g.) at 
room temperature for 24 hours. In 99.5 % sulfuric acid (8 ml.) only the 
ortho 6 and para 7 monosubstitution products w’ere formed in 27 and 60 % 
yields, respectively. However, in 4 % oleum the yield of 7 decreased to 


•• d® Diesbach, Swiaa pat. 1 27 , 92 S- 127,930 (Chem. Zenir., 1929, 1, 2243). 

” de Dieabach, Ger, pat. 807,049 {Chem, Zentr , 1933, II, 295). 

*■ de Dieabach, Cer. pat. 511,210 {Chem. Ztntr., 1931, II, 25H)- 

•’ de Dieabach, Gubser, and Spoorenberg, Helv. Ch\m Acta, 13, 1265 (1930). 

" de Dieabach, IVaneer, and Stockalper, Heh. CJiim. Acta, 14, 355 (1931). 

" Einhorn, Ann., 381, 113 (1908). 

” Einhorn. Ger. pat., 208,255 {Chem. Ztntr., 1909, I, 1281) 

“ Einhorn and Eeibelmann, .dnn , 381, 140 (1908) 

** Ota, Kaneyuki. and Matsui, J. Chtm. Soe Japan, Pure Ckem Sect.. 81, 1849 (1960) 
[C.>1.. 58, 2373 (1982)). 
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6 % and the disuhstituted product 8 ^vas isolated in 66 % yield. Onl}^ a 
trace of 6 vras obtained. 


NHCOCH3 

o.CeH,(CO)2NCH2j^^ 


6 


NHCOCH3 



o.C6H4(CO)2NCH2 

7 


NHCOCH. 


o.C6H,(CO)2NCH2j^^ 

o-CqH.^{CO)^CB^ 


Similar results were obsen^ed A^dth 4-meth3dacetanilide, but the 
activating effect of the meth^’l group in this substrate reduced the 
optimum sulfuric acid concentration to 97.7 %. Under these conditions 
a mixture of the two possible monosubstitution products was formed m 
78 % 3 ield. In 99.5 % sulfuric acid only a 20 % yield was obtained. That 
sulfonation as well as disubstitution plaj^ed an important role in these 
experiments was demonstrated hy the fact that, 'svith acetanilide in 100 % 
sulfuric acid, sulfonation occurred to the extent of 98 % after 24 hours at 
room temperature, whereas, in 95% acid under the same conditions, 
sulfonation proceeded to the extent of 18%. 

To minimize this undesirable property of sulfuric acid, other workers 
have used glacial acetic acid as a diluent.^^*^»^^’^^ In another instance 
the condensation of N*meth 3 ’lolchloroacetamide ^\ith phen 3 dacetic acid 
was allowed to proceed in anlwdrous In^drogen fluoride.^" Other means 
of avoiding the use of sulfuric acid in this reaction have failed, however. 
The\" include p-toluenesulfonic acid in benzene and anlu’drous zinc 
chloride in phosphorus oxj’chloride. 

Several other media, however, have been emplo\"ed successfulh' lu 
condensations of X-metludolamides. Unfortunatel\% the aromatic sub- 
strates cmp]o\*ed generalK" possessed reactive ring s\*stems. Thus it 1 - 
not possible to deduce whether any of these media could be substituted 
for strong sulfuric acid (or anhj'drous In'drogen fluoride) under all 
possible conditions. The most likeh' candidates appear to be poly* 
phosphoric acid, anh\'drous aluminum chloride, or boron trifluoride. 
Poh*phosphoric acid and 100% phosphoric acid alone or in glacial acetic 


nM.tirh, Swis-. pnt. un.oic {Chrm, Ztntr., 1930. 1. 3355). 
nir^bftrh, pnt. 139.^4 2-1 39.f>4 5 {Chem. Z^ntr., 1931, I, 2120). 

** nful Horrom, J. Am^ 80, 4317 {1058}. 
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acid have brought about a feu- relatively easy amidomethylations,** and 
85% phosphoric acid at 70-80° has effected the condensation of N-methyl- 
olacetamide with thiophene to give the amide 9 in yields of 50-60% " 
Phosphorus pentoxide and phosphoric acid also have been used in the 
substitution of phthalocyanine dyes with N-meth3'lolphthalimide.®® 


a 


g^'CHjNHCOCHj 


Aluminum chloride in drj- acetone or glacial acetic acid has been found 
to catalj-ze the reaction of a number of N-methjdolamides with several 
phenols and phenol ethers in jdelds ranging from 60 to 73%.®^ Although 
less reactive aromatic compounds uere not included in this studj", it was 
noted that the aluminum chloride-catal^-zed reactions seemed to proceed 
faster than comparable ones in sulfuric acid. With boron triflnoride in 
benzene at 60°, N-methj-lol-N-methylacetamide gave the expected product, 
CIl3COX(CH3)CH,C|sH5, in 68% yield 

Several sets of mild conditions have been used for carrjung out aromatic 
alkj-lations with N-mcthj'Iolamides, but it is doubtful whether thej^ possess 
general advantages over the ethanolic hydrogen chloride method of 
Einhom. A number of di- and tn-methoxybenzene derivatives®® and 
some phenolic dj-es®® ha re been successfully’ condensed with N-methylol- 
amides by using anhj-drous zinc chloride in acetic acid, but no yields were 
reported. Anhydrous formic acid at 50° sufficed to condense 2,4-xylenol 
with several N-methj loIurea derivatives ;®i ®® and merely heating the two 
N-methylolfuranamidcs 10 (n = 0 and 1) above their melting points 
generated the pohmicrs 11 {» = 0 and 1)“ However, heating in the 
absence of acid cannot be relied on to effect amidomethylation even of 


(CH=CH)„C0NHCH50H 


AraneimtUelfabrik KM'wel-LoiifCfn, Austrian 196,391 (1958) {Chtm. Ztnlr., I960, 
16321). 

** Hartough, Thtophtne and Iti Denraliifi, Interscience Division, John Wiley A Sons, 
New York, 185», p. 253. 

*• American Cyanamid Co , Dnt. pat. 695,523 [C A., 68, 1018 (1954}} 

»■ Araneimittelfabrik Kreuel-Leuffen, Austrian pat 191,878 (1957) (Chem Ztntr , 1958, 
13339) 

Monti and Verona, Oatz. Chim. Hat , 60, 777 (1930) [CA.ZS, 1225 (1931)). 

“ Haack, U.S. pat. 2,340,528 [C.A., 38, 4385 (1944) J 

*• Zigeuner, Kniemnger, and Voglar, J/ownteft. Chtm , 82, 84i^ (1951) 

** Zigeuner, Voglar, and Fitter, Monalzh Chon , 85, 1196 (1954). 




'(CH=CH),.C(>— 



68 


ORGANIC REACTIONS 


the most reactive aromatic S 3 ^stems. Thus heating the trimethylpyrrole 
12 in ethanol at refluxing temperature with N-methylolchloroacetamide 
gave none of the expected amide. Only the dipjTrylmethane 13 was 
produced, presumably by reaction with formaldehyde derived in turn 
from cleavage of the N-methyloIamide.^^ 



CH2CICONHCH2OH 

y 

CjHgOH.SO* 


H 


12 



CH 2 

2 


13 


Because of the unusually high reactivity of most methylolamides in 
strong sulfuric acid and the consequent reduction in selectivity of sub- 
stitution, many aromatic amidomethylations are complicated by the 
production of mixtures of isomers and polysubstitution products. For 
this reason many derivatives formed from substitutions involving equiv- 
ocal orientations have not yet been characterized adequately. In some 
instances only the structure of the most readily isolable product in the 
mixture has been determined. In a few other instances only half-hearted 
attempts have been made to resolve the mixture; and in still others, 
particularly where the Tschemiac-Einhom reaction has been used to 
introduce basic auxo chrome groups into certain aromatic d^^e structures, 
little effort to purify products is apparent. However, the modem methods 
of isolation and characterization that are now available to the organic 
chemist should serre to remove what has been a formidable barrier to 
progress in this area. 

The characterization of those aromatic amidomethylation products not 
readily obtainable by independent s\m thesis has been accomplished in 
many ways. Perhaps the most common is the direct permanganate^^ 
or dichromate^" oxidation to a known carboxylic acid, ArCH 2 NHC 0 R 
ArCOoH. Another method involving two steps is hydrolysis to the 
benzylaminc followed by conversion to a known hydroxymethyl derivative 
with nitrous acid, ArCHoNHCOR ArCH.NHo ArCH^OH^ A three- 
.step method wliich can be carried out with onl^^ one intervening 
isolation^" involves mcthylation of the benzylaminc and hydrogenolysis 
to a known methylated aromatic compound,^" 


ArCH.NHCOR -h. ArCH^XH. ArCHjNtCHjlj ArCHg 

Amidomethylation occurring ortho to a functional group often can he 
diagnosed by subsequent cyclization, although completely unequivocal 

O’Ciiuv'xic. i.Vjy. IrifK .Imrf,, 42B, H.’JO (1935) [C.A,^ 29, T32G (1935)]. 

Tnjill ntA Crenrh^J. Of/?. CAfm., 27, lOCO (1902). 
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idcntiiicAtton may not necessarily be achieved thereby. Thus reduction 
of the product 14 obtained by benzamidom ethylation of 4-nitroveratroIc 
gave an amine 15 which could be cyelized to the quinazoline 16 in the 
presence of phosphorus oxychloride.^ 

CHjO^^NOj 

1< IS 

16 


CH30f*»=^CHjNHC0CeHs 

CH3oU^NH, 


As might be expected, ?n-toluic acid (17) underwent substitution ortho to 
the carboxj’l group. The onl^' product isolated (in unspecified yield) from 
its reaction with N-methylolbenzamide in concentrated sulfuric acid was 
6-methyIphthalimidine (19) resulting from intramolecular amide inter- 
change of the initial product 18.’ 


17 


"C 


pH 

XHjNHCOCjHj, 


IS 



With Formaldehyde and Amides or Nitriles. Few reports of this 
modification of the Tschemiac-Einhom reaction have appeared. Buc 
applied it to the condensation of lactams and imides with some aromatic 
nitro compounds, using concentrated sulfuric acid as the medium.®’ 
Thus 4-chloronitrobenzene with equivalent amounts of paraformaldehyde 
and 4-cyclohexene- l,2.dicarboximide in concentrated sulfuric acid at 65“ 
gave the monosubstitution product 20 in 75% yield. 


NOj 



30 


Parris and Christenson used a series of aliphatic and aromatic nitriles, 
and even hydrogen cyanide, with paraformaldehyde in sulfuric-acetic acid 
mixtures at temperatures varying from ambient to 90“.® Although 
yields ranged from 20 to 90% most of the aromatic compounds used were 
•• Downes »nd Lions, J'. Am Chem.Soc., 72, 3053 (1950). 
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more reactive than benzene. Bromobenzene, however, ^vith acetonitrile 
and formaldehyde in concentrated sulfuric acid gave the monosubstitution 
product p-BrCcH4CH2XHC0CH3 in 37% yield. In the reaction of 
acetonitrile and formaldehyde with ??? -xylene, 85% phosphoric acid at 90 
gave a better yield (66% vs. 52%) than a sulfuric-acetic acid mixture at 
the same temperature. Of some interest is the successful utilization of 
acrylonitrile. ^Yith toluene and formaldehyde in a sulfuric-acetic acid 
mixture at room temperature it afforded the acrylamide 

p-ch.,C6H,ct^xhcoch=ct:, 

in 89% yield. 

Surprisingly, even after heating a mixture of urea, formaldehyde, and 
2,4.-xylenol in formic acid at 50“ for 2 hours, two monomeric urea denv- 
atives 21 and 22 could be isolated.^^ 


H^NCOXR, 

21 


RXHCOXBo 

22 



OH 


u 




Extension of this reaction to sulfonamides also has been described.^^ 
Sulfanilamide and its X'^-acetyl derivative were heated ^vith fonnaldehj^de 
and 4-meth3d-2-thoiuracil in an acetic-hydrochloric acid mixture. The 
products w'erc assigned structure 23 (R = H and CH^CO). 


p-RNHCgH^SOpsTllL^N 


W ith Ethers of I'^-^Iethylol-amides and -imides. Most of the few 
reported examples of this condensation involve the diamidomethyl ethers, 
(RC 0 NHCH^) 20 . formed by self-condensation of corresponding meth 3 'lob 
amides. Thus in his original work T.scbcmiac w'as able to condense 
diphthahmidomethyl ether, with phenol, 4-nitro- 

phenol, and 2-nitrolohionc. using concentrated sulfuric acid.^ Zigeuner 
and co-workers sUidif^i the condensations of similar ethers derived from 
methyiolureas.^5 With anhydrous formic acid at 50"^. they obtained the 
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product 24 from the ether (CgH5NHC0NHCHj)20 and 2,4-xyIenol in 90% 
yield. Under similar conditions the complex ether 


OtCHjNHCONHCHjOHlj 

gave the disubstituted urea 25 as the main product together with small 
amounts of the mono- and tri-substituted ureas 26 and 22, respectively.** 

RNHCONHCgHs {RNH)2CO BNHCONHj 

24 25 26 



Three reactions involving unsjunmetrical ethers have been described. 
N-EthoxymethylphthaUmide in 100% sulfuric acid at 80-90“ gave 
monosubstituted products with benzene (5% yield) and nitrobenzene 
(41% yield).®* A disubstituted product of undetermined structure was 
obtained when copper phthalocyanine was treated with N-methoxy- 
methylphthalimide in 100% sulfuric acid at 100°.®^ The corresponding 
symmetrical diphthalimidomethyl ether at 75° m 100% acid reportedly 
gave only a monosubstituted derivative.*" 

With N-Halomethyl-amIdes, -imides, and -carbamyl Com- 
pounds. Since its introduction by Cherbuliez and co-workers in 1922,*®’®® 
this method of amidomethylation has seen comparatively little use. The 
original workers showed that both functions in 1 ,4-dichIoromcthyI-2.S- 
piperazinedione (27) attack naphthalene and 2-naphthoI even in the 
absence of catalyst.®* Merely heating the dione 27 uith 2-naphthol in 
benzene under reflux gave 28 (Ar = 2-hydroxy-l -naphthyl) in 89% yield. 
Although the dichloromethyl derivative 27 was inert to benzene in carbon 


O 

ClCHjN NCHjCl 



27 


O 

I' 



28 


Ztgeun^r and Fitter, .Vonrttdh CAem., S6, ST 

•« Twumoto. Kj-o. •nd O.U, J. CAem. Sw Japan. Ind Chfm Stct..K, 1S83 (1962KC/I.. 
S9. 505 (1003)] 

•* IWsch and Ger. pat. 852.588 {Chtm Ztnir.. 1953, 8213). 

•» OifrbuliM and Fetr, iitlc. Chtm. Acta. 5, «78 (1922). 

•• CberbuUox and Suixer, UtU. CA*m. Acta, 8 , 567 (1925). 
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disulfide, addition of a catalytic amount of anhydrous aluminum chloride 
gave l,4-dibenzyl-2,5-piperazmedione (2S,At = G^^) in 43% yield.^ 
More recent work has extended the method to X-substituted X-chloro- 
methjdamides, EC0X(R')CH2C1.^2'®' Anhydrous aluminum chloride 
was the catalytic agent used in most of these studies.^ 

^lany of the Is-halomethylamides are difficult to isolate and puiify- 
Both X-chloro- and N-bromo-methylphthalimide are, however, fairly 
stable, but reactive, crystalline solids. For this reason they have been 
the reagents of choice ever since the former was first used by Herzberg 
and Lange in 1927.^ As an example of their high reactivity, it was noted 
that, when a mixture of 4-chlorophenol, 1^-chloromethylphthalimide, and 
a trace of zinc chloride was warmed on the steam bath, spontaneous 
heating to 130® occurred and the product, 2-phthalunidomethyl-4- 
chlorophenol, was formed in 70% yield Similar exothermic behavior 
was observed in the reaction of !N-bromomethylphthalimide with 
benzene.^^ Indeed, this reagent proved sufficiently reactive to alkylate 
phenylacetic acid in the presence of zinc chloride catalyst."^* 

Utilization of the high reactivity of Is-bromomethylphthalimide for 
the characterization of alcohols and phenols has been recommended 
twice.'^''^ Unfortunately, both groups of workers assigned ether struc- 
tures to their phenolic derivatives. Recent work has demonstrated, 
however, that reaction of N-bromomethylphthalimide vith phenol under 
their conditions (no catalyst) gave a mixture of o- and p-phthalimido- 
methylphenols.^^ No X-phenoxymethylphthalimide could be detected 
in the reaction mixture. Undoubtedly the corresponding derivatives of 
the other phenols {th 3 mol and ^-naphthol) reported by these workers are 
likewise substituted in the aromatic nucleus.*^ 

The X-halomethyl-amides and -imides represent the most strongly 
electrophilic reagents presently available for tbe amidomethylation 
reaction. Recently Olah and co-workers have been able to isolate stable 
oxocarbonium salts of very strong acids, e.g., RCO^ SbCif These are 
extremely efficient aromatic acjdating agents and do not require the 
j>TVs<^ncxi of I^ewis acid catalysts. This suggests that, if a salt such as 

SbCl ^ could be Isolated, i.e., by treatment of X-chloro- 
methylphthalirnidc with antimony pcntachloride, it might serve as a power- 
ful amidomethylating reagent even in the absence of a polarizing catalyst. 
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A recently developed bifunctional reagent is chloromethylcarbamoyl 
chloride {29).'^® With /5-naphthol in the absence of catalyst it gives 
3,4.dihydro-2H-naphtho[l,2-e]-I,3-oxazin-2-one (30) in 25% yield. 2,4- 
Dichloroaniline gives the analogous nitrogen heterocycle, 3,4-dihydro- 
6,8-dichloro-2(lif )-quinazolinone (31 ). Less reactive aromatic compounds 
such as m-xylene require a zinc chloride catalyst. Chloromethyl iso- 
cyanate, ClCHjNCO, readilj’ obtainable from 29 can be used in its place 
in these reactions. 


CHjO + HNCO ► HOCHjNCO ClCONHCHjCl 



29 



30 


31 


With N,N'-Methylene-, -Alkylidene- and -Arylidenebisamides. 
The diminished reactivity of these amide derivatives usually requires 
correspondingly increased reactivity of the nucleophiles. Hence, in the 
aromatic series, amidoalkylations of this tj^ie have usually been restricted 
to the activated sj'stems : phenols, phenol ethers and esters, and anilides. 
Three methods have been used to effect condensation, heating the 
reactants at 190°,’* warming them at 50° in formic acid,“ or treating them 
at 65-130° with phosphorus oxychloride alone or in chloroform.** ’*-’® 
A single report, however, describes the extension of this reaction to benzene 
using 100% sulfuric acid as the condensing agent.®* 

The formic acid method is probably the least general. Whereas 
l,l'-methj’lenebis-(3-phenylurea), (CgHjNHCONHl^CH^, and its ^»-tolyl 
analog gave with 2,4-x)'Ienol the unsymmetrical ureas 32,** neither 
N,N'.methylenebisbenzamide, (CgHsCONHljCHj,** nor N,N'.methyIene. 
bisisovaleramide** underwent reaction under these conditions. On the 


” Hoover, St«>cnM)n, ond Rothroek, J. Org. Chtm . 28, 1825 (1963) 

’♦ StefanovM), Bojanovrf. Vandjel, Maksiraovitf, and Mihailovi.!, Hee. Trav. CAiw.. 7S. 
349 (19571. 

” Ishidete. Sekiya, and Yanaihara, Chem. PAorm. Bull. (Tokyo), 8. 1 120 (I960) {C.A . 67, 
9736(1962)1. 

’• Sekiyaand Y.n..har..CA.m. Ph.r^. BuUATolyo),'}, 

” Sekiya. Yanaihara, and Maaui, Chtm Pharm. Bull, (lokyo), 9. »« (1961) [C.A.. 57. 

’• Sekiya? Yanaihara, and Masui, Chtm. Pham BM. (Tokyo). 11, 551 (1963) (C..4 59. 
8643(1963)]. 
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other hand, after only 1 hour at 95°, phosphorus oxychloride caused the 


OH 

CH3 HjNHCOHHAr 



CH 3 

32 (Ar = CjHs or p-CHjCjH,) 


OH 

CHaf ^^H^NHCOCeH- 



CH 3 


33 


conversion, of ^jN^-methylenebisbenzamide and 2,4-xyleiiol to the ex- 
pected product 33 in 93% Dilute mineral acid catalysis appears 

to be useless in these reactions. Treatment of 2-naphthol vrith several 
methylenebisamides, (RCONH) 2 CH 2 , in ethanolic hydrochloric acid led 
to the methylenebisnaphthol 34 instead of the expected amidomethylation 
products."® 



A by-product, 35, of similar character was obtained w’hen bertzylidene- 
bisacetamide, (CH3C0NH)2CHCgH5, was heated 4 hours at 190® with 
1-naphthol."^ In contrast, 2'naphthol, under the same conditions, gave 
the a-amidoalkylation product, 36, in 93% peld."^ This tendency for 
the thermal (190®) reaction to substitute ortho rather than para to the 
oxygen function is further supported by the observation that benzylidene- 
bisacetamide with 2,4-x\’lenol gave the ortho derivative 37 in 74% pcid 
but the para isomer 38 from 2,6-xylenol in 30% Furthermore, 

reactions of benzylidenehisaeetamide and benzylidenebishenzamide with 
phenol, phenyl acetate, and phenyl benzoate {all at 190®) led to o-mono- 

OH OH 

CHsr^^CJKC.H^lXHCOCH^ 

CHCCjHjlXHCOCHa 
38 


37 
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amidoalkylated derivatives as the only isolable products, albeit in poor 
to moderate yields (12-09%).” 

The phosphorus oxychloride method is less selective but considerably 
more effective in bringing about condensation. Thus treatment of phenol 
and N,N'-methylenebisacetamide with phosphorus oxychloride in chloro- 
form for 4 hours under reflux gave a mixture of equal amounts of o~ and 
p-acetamidomethylphenol.” By using various reaction temperatures 
and times, excellent jields were obtained from a number of other aromatic 
compounds. These included 4-nitrophenol (85%), 4-methoxytoluene 
(^3%), and 2-methylacetanilide (86%).^* Other yields ranged from 71 
to 98%,»8-'»5 

The thermal (190°) condensation method was found not to require the 
preformed bisamide reagent.'^* Thus heating a mixture of benzaldehyde, 
acetamide, and p-cresol at 190° for 4 hours gave the alkylated product 39 
in 68% yield. The use of preformed benzylidenebisacetamide gave a 

C,HjCHO + CH3CONH, + p-CHjCjH^OH 
OH 

CHlCjHjlNHCOCHj 

CH3 

lower jdeld, 43%. However, in most other instances the preformed 
reagent led to distinctly better j'ields.” 

Related to these amidoalkylations is an interesting condensation 
reported by Pirrone in 1937.8“ He found that 8-hydroxyquinoline 
treated with two equivalents of benzaldehyde and one of an amide 
(formamide. acetamide, benzamide, or salicylamide) in warm (60-80°) 
ethanol or benzene gave 3-acyl derivatives of 2,4-diphenyl-2-j*yrido 
[3,2-A][l,3]benzoxazine (40, R = H, CH3, C5H5, or 0-HOC5H4). 



The uso of an unsymmctrical methylene- bisamide has been iv^rt^ 
once.«3 Treatment of lienzcne with N-benzamidomethj'lphthalimide in 
•• rn-ronc. Chim. Jial , 67, 529 (1937) Ztntr , 1933, 1, 1581) [C.A., 32. 1701 

<»93S)J. 
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100 % sulfuric acid at 90® gave K’-benzylphthalimide in 24% yield. No 
N-benzylbenzamide vas isolated. 

With N-Aminomethyl-amides and -imides. Compounds of this 
type, e.g., RCON(R")CH 2 NIl 2 » i^ot amidomethylate directly at a 
carbon atom of an aromatic system. Rather, they cleave as indicated 
RCON(R'')-“i-CH 2 NR 2 and thus behave as amfriomethylating agents. A 
special reaction of indole is known, however, in which the end result is the 
same as if an amidomethylation had occurred. 

When equivalent amounts of indole and N-piperidinomethylphthalimide 
(41) w^ere heated under reflux for 9 hours in xylene containing a little 
powhered sodium hydroxide, 3-phthalimidomethylindole (42) was isolated 
in 48% yield When the reaction was interrupted after 1-2 hours, 



how’ever, N-skatylpiperidine (43) w^as obtained in 50% yield. The latter 
compound was converted smoothly to 42 by further treatment ^nth 
phthalimide. Thus the aminomethylation product 43 was formed first; 
but on prolonged treatment it reacted further w'ith the phthalimide 
present, probably by an elimination- addition mechanism involving 44, 



typical of alkylation reactions of gramine. 

N-Piperidinomethylbenzencsulfonamide condensed wdth indole in the 
same w'ay to give 45, but in only 21 % peld.s^ X-Dimethylarainomethyb 
bcnzarnidc, however, amidomcthylated the nitrogen atom of indole.^ 



,CK2XHS02CeH. 



45 


46 
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No further reaction could be induced, and the monosubstituted product 
46 was isolated in 67% jneld. Supposedly the methylene imide, 
CH 2 =NCOCgHs, is the intermediate in this reaction and the NH group 
is the only function in indole sufficiently reactive to add to it. Attempts 
to force substitution at the 3-position of indole bj* using media acidic 

e 

enough presumably to form the stronger electrophile CHjNHCOCjHg led 
only to decomposition of the acid-sensitive substrate.®^ 

With Amidomethanesulfonic Acids. Only t\vo reactions of this 
type have been described.*® Both involved the use of sodium benzamido- 
methanesulfonate (47) as the reagent. With benzene in 100% sulfuric 
acid at 93°, N-benzylbenzamide was isolated in 62% yield. With nitro- 
benzene under similar conditions N-(w-nitrobenzyl)benzamide was 
obtained, but in only 8% yield. 

CjHjCONHCHjSOsNa + ArH CgHsCONHCHjAr 

47 

With N-Acyli mines. Only one example of this type of reaction has 
been found. Ivanoff treated N-benzoyldiphenylketimine with phenyl- 
magnesium bromide and obtained N-benzoyltritylamine in 62% jield.” 

CeHsCON=C(CjHs)2 C,H,C0NHC(C,H5)3 

a-Amidoalkylation of Aliphatic Carbon Atoms 

With N-Methylol and N-a-Alkylol Derivatives of Amides, 
Imides, and Carbamyl Compounds. The extension of the Tschemlac- 
Einhorn reaction to the aliphatic series is limited by the side reactions 
that aliphatic compounds undergo in strong acid media. The nucleophiles 
successfully employed possess active hydrogen atoms on aliphatic carbon 
atoms and would be expected to exhibit a \wde range of nucleophilic 
activity. 

Several attempts to amidomethylate malonic ester with J»-methjlol- 
benzamide and N*methylolphthalimide in sulfuric acid have failed.®^ ®* 
Monti succeeded, however, in benzamidomethylating 1-phenylpropane- 
1,3-dione and l,3-diphenylpropane-l,3-dione, although no yields were 
given.®* Heilman and co-workers, using the same substrates as well as 
pentane-2, 4-dione, 5,6-dimethylcycIohexanc-l,3-dione, and 1,2-diphenj - 
PJTazolidine.3,5-dione with N-methylolphthalimide in concentrated 
sulfuric acid, were able to prepare the amidomethylated products in about 

•* Buc.,r. im. Chtm. Sm.. 69, 254 (1947). 

•• llellnMnn, Aichinp^^, and Wi^d»m*nn, > 626, 55 (1959). 

•• Monti. Chim. Itai . 60. 39 (1930) [C.J.. 24, 4013 (1930)1. 
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80% yields.®^ The alkylated derivatives 48 and 49 are examples of the 
products obtained. 

Q OC CHCHaNCCOlaCeH^-o 




CsHs^' 


(CH3) 




CO 

\ / 

X 


48 


49 


The reaction conditions usually employed, i.e., concentrated sul^c 
acid, do not seem to be generaUy applicable, although admittedly they have 
been studied onlv to a Umited extent. The reaction of ^-methjlol- 
benzamide with cvclohexane-l,3-dione is reported to give the amiao- 
methvlated diketone 50 in 36% yield ^vith concentrated sulfunc acia, 
in 20% yield vnih ethanol and hydrochloric acid ; in 40 % peld vnth acetic 
acid and zinc chloride; and in 6.5% yield uuth acetic acid and boron 



trifluoride etherate.^ By using boron trifluoride etherate, a 74% yield 
of the ketone CsHsCOXHCH^CHCCOCsH.), was obtained from the 
condensation of l,3-diphenylpropane-1.3-dione ^nth X-methylolbenz- 
amide. The latter reaction conditions appear to provide a serviceable 
alternative to the use of concentrated sulfuric acid. 

A scries of reactions with trinitromethane as the nucleophile '^^'as 
carried out successfully using X-me thy] olure than and a variety 
X-methylolamides.®^-^- An example is the reaction of trinitromethane 
with X -methyl olmethaciy'l amide in water to give the amide 


CH^C(CH3)C0XHCH2C(X0.)3 

in 87^0 >"icld. Yields were not given for all the reactions, hut those 
rej)orted were above 80%. With these compounds water often served 
as the solv(fnt, and the condensation occurred readily over a wide range 
of pH (<7). 

An interesting reaction has been reported in which 2-hydrox}'pteridine 
hydrate (51) was condenst^d with four different active methylene com- 
pounds (jventane-2.4>dione. ethyl acetoat^etate, diethyl malonate, and 



t-AM IDO ALKYLATIONS AT CARBON 


79 


ethyl cyonoacetate) in 75, 80, 90, and 90% yields, respectively, to give 
compounds of structure 53.®® Since the reactions were conducted in 


CHOH 


CH 


CHR 


^co 


Nil NH NH 

51 53 53 

(R-ClfjCOCnCOClT,, CH,COCIICO,C,ir*, — OII(CO,C,n,),,>’CCHCO,C,Hj) 


neutral or basic media, it is likely that they proceed by a Jlichael-type 
addition of enolate anion to the pteridine 52 rather than directly through 
the hydrate 51. 

Only a few reactions of N,N'-dimethylol compounds have been re- 
ported,*® N,N'-Dimethylolfumaramide and trinitromethane in water at 
pH 0.8 gave the fumaramide 54 in 48% yield. A patent describes the 
reaction of trinitromethane with N,N'-dimeth3’Iolurea and with a urea- 


(O^NljCCHjNHCOCH 

HCCONHCHjC(NOj)3 

54 


formaldehyde mixture to give C0[NHCH2C(N02)3]2 in 77% and 88% 
jnelds, respectivel3'.** The condensation of acetylene wdth X.N'-dimethjd- 
olurea to give N-meth3'lol-N'-2-propjmylurea is mentioned.®® 

With Formaldehyde or Acetaldehyde and Sulfonamides. Alkyl- 
and a r3d -sulfonamides with formaIdeh5''de and alkali C3'anides give 
products of the 13^0 RSO^NHCHjCN. Reaction of benzenesulfonamide 
and acetaldehyde with potassium C3'anide 3deld8 the analogous derivative, 
C^iHsSO^NHCHiCHjlCN.®® 

Sulfanilamide and paraformaldeh3’de condense at elevated temperature 
with 2.picoline to give the product 55. Similar reactions occurred to 
give amidometh3dated products from qnmaldine, 9-methylacridine, 9- 
eth3lacridine (i.e., 56), and 2.methyl-4(3/f)-qumazohnone (i.e , 57).*® 
Indication that amidomethylation occurred on the methyl group of 2- 
inethyl-4(3Zf).quinazolinone and not on the amide nitrogen atom was 


*• Albert and Howell, J. CAem. Sot., 1962, 1591- 
*• Reppe, Keysaner, and Hecht, Ger pat. 724,759 [C . 
839,875 (CAem. Zentr., 1939, II, 734). 

Reuter. Cer. pat 847,00$ (C.A., 50, 2669 (1956)]. 

•• Monti and Fetici, Oazz. CAim. Ita}., 70, 373 (CAew. 


... 37. 5733 (1943)), 
r., 1940, II. 21581. 


Fr. pat 
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derivedfromthefacttliatno reaction took place with 4(3ir)-qumazolinone, 
in which the 2-methyl group is absent. In contrast, N-methylolbenzamide 




56 

(R =J>-HJyCeHlS02^’HCH2— ) 



and 2-metliyl'4(3H)-quinazolmone reportedly condense preferentially at 
the 3-nitrogen atom 

With Ethers and Esters of N-Methylol- and N-a-Alkylol-amide 
Derivatives. Most of the reported vrork in this area -is concerned vit 
the reaction of trinitromethane vrith N-henzoxymethyl-acrylamide an 
-methacrylamide, (R = H, CHg).^ Both 

polar and non-polar solvents have been used with equally favorable 
results. Regardless of solvent, amidomethylation with the acrylamide 

derivative (R = H) occurred with concomitant addition of trinitromethane 

to the carbon- carbon double bond to produce the hexanitro compoun 
(02N)3CCH.CH.(X)]mGH.C(N02)3. That addition to the carbon-carbon 
double bond was faster than the ester cleavage was indicated by the 
observation that, vdth one equivalent of trinitromethane, the principal 
product was the adduct (OoXlaCCHoCHoCOXHCH^OCOCeHs. Trinitro- 
methane didnot add to the methacrylamide (R = CH3). The same workers 
examined the reaction of trinitromethane with i\,N^-diacetoxymethyi' 
and K,N'-dibenzox3Tnethyl-fumaramide and reported a 2% and 4/ /o 
jdeld, respectiveh% of the product 54. Since water was the solvent for the 
reaction of the N,N'-diacetoxy compound, the formation of the fumar- 
amide 54 may occur by a mechanism different from that involving the 
dibcnzoate. The latter reaction was carried out under anhydrous 
conditions. 

Tlie trichloromethyl derivative 58 reacted with potassium cyanide to 
give the unsaturated nitrile 59 in 53% yield.^ Elimination- substitution 
reactions of this type take place in a number of reactions with alkali 
cyanides. The reactions are described on pp. 82-83. In the same article 
it was reported that the unsaturated trichloromethyl derivative 60 and the 


aibOXKHCH(OCOCH3lCCl3 

5S 


KCV 

— ^ CjH.O-CXHC(CX>=CCU 

S9 
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potassium salt of diethyl nialonate gave the triethyl ester 61 in 35% 
yield. It was later shown, however, that 60 was actually the symmetrical 

CjHs04CN=CHCa3 + KfCHlCOjCjIIs),] 

60 

CjHsOjCNHCH[CH(COtC*HjycCl3 

61 

ether 62.®* This reaction, therefore, appears to be the only one in which 
an ether has been utilized, albeit unknowing!}’, as an a-amidoalkylating 
agent of an aliphatic carbon atom. 

I 

{CjHsOjCNHCHCCl3)jO 

62 

With N-Halom ethyl- and N-ct-Haloalkyl-amide Derivatives. 
The N-halomethyl- or N-a-haloalkyl-amides are the reagents of choice 
for the amidoalkylation of aliphatic compounds, in contrast to the 
aromatic series ■nhere N-alkjdoIamides are more commonly employed. 
The halomethylamides often are prepared just before use and, with little 
or no purification, are added to the alkali metal derivative of the active 
methylene compound suspended in some inert solvent. Many structural 
tj^pes have been utilized. A partial list would include malonic esters and 
their monosubstituted derivatives, cyclic and acyclic /3-diketones, cyano- 
acetic esters, acetoacetic esters and their monosubstituted derivatives, 
and nitroacetic ester. Reported 5’ields exhibit wide ranges. 

No S3’stematic investigation of the important reaction conditions is 
available, but the N-halomethyl derivatives of aliphatic amides generally 
give lower yields than do N -ha lorn ethyibenzam ides and N-halomethyl- 
phthalimides. For example, diethyl methyimalonate condenses with 
N-chloromethyiformamide, with X-chloromethyiacetaraide, with N- 
chloromethyibenzaraide, and with N-chloromethylphthalimide in 20, 31, 

<7, and 81% yields, respectively’.®^''** 

With N-chloro- and N-bromo-methyiphthalimide, monosubstituted 
derivatives of active methylene compounds appear to react more smoothly 
than do unsubstituted ones. The amidomethyiation product 63 was not 
obtained from N-bromomethylphthalimide and the sodium derivative 
of diethyl malonate in benzene. Instead, the tetra ester 64. phthahroide, 

•‘Feist, 45. 945 {1912). 

** B6hme, Broese. Dick, Eiden. and Schuneroaiin, CXtm. Ber., 92. 1599 (1959). 

•’ Bohme, Broese, and Eiden, CAem. Btr,, 92, 1258 (1959). 

** Bohme. Dick, and Driesen, ArrA. Fharm , 294, 312 (1961). 

” Bshme and Eiden, AfcA. Pharm., 292, 642 (1959). 

*** B6hme and Eiden, Oer. pat. 1,025.883 (Cj4., 54, 9773, (I960)]. 

*•* Bahme, Eiden, and Schunemann, ArcA. Pharm., 294, 307 (1961) 
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and sodium bromide were formed.^o^ This result is compatible with the 


o-CsH^CCOlaNCH^CHlCOjCaHsla 

63 


CH2[CH(C02C2H5)J2 


64 


observation that phthalimide is cleaved from 2-phthahmidomethylcyclo- 
hexane-l,3-dione in the presence of excess active methylene compountt 
to produce methylenebiscyclohexane-l,3-dione 65.^*^ In both reac lOM 
it seems likely that a second molecule of the enolate ion displaces 
phthalimide anion (e.g., from 63), giving the observed products. 


O 


u 



:0 


CH2 


Failure to obtain the normal substitution product from N-bromomethy - 
phthalimide and sodioacetoacetic ester also has been reported.^ ^ 
contrast, good ^delds have been obtained from the reaction of N-chloro- 
methylphthalimide with the sodium derivatives of many monosubstiiuted 
active methylene compounds;^" and the amidomethylated compound 66 
has been prepared in 73% yield from N-bromomethylphthalimide an 
the sodium salt of 3-phenylbenzofuran-2-one.^®^ 

:2N(CO).C6H4-o 

66 

An interesting set of reactions has been reported in which various 
substituted aromatic a-haloalkjdamides of the type ArCONHCHClCCl3 
are treated in dr>’ acetone with 2 moles of potassium cyanide to give, not 
the simple substitution products, but products of the type 

ArCOXHC(CX)=Ca2 

67 

Vinkl*"r nnrl S«Vx*, Krm. FoUjotrat, 56. 209 (1950) {C.A., 45, 7984 (1951)]* 

puMifh-Ml in Uu^^tnn in vtrM Chim, Hung,, 103 (1951) {C,A., 48, 2500 (1952)). 
llrUmunn and Aichink’^r, Chrm, Zfrr., 92, 2122 (1959). 

PuckcT and 3ol.n«on, J, .*lm. C/irm. Soc,, 44, 817 (1922). 

II. K. U, W. IV Nf’t, unpul>1i*>)r<l data. 
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in which elimination has occurred as One mole of potassium 

cyanide reacts rapidly, but no pure product can be isolated. Apparently 
the second mole of cyanide dehydrochlorinates the initially formed sub- 
stitution products to the more readily isolable unsaturated nitriles 67. 
The yields of the nitriles 67 are only fair, but their hydrolysis to the 
corresponding acids can be achieved in essentially quantitative yields. 

With N,N'-.Methylenedisulfonamides and N,N'-EthyHdenebls- 
urethan or Their Precursors. Only a few successful reactions of 
this type have been described. In general, N,N'-alkylidenebisamides 
fail to undergo amidomethylation with active methylene compounds 
Instead they give the corresponding alkylidene derivatives, i.e., 
RCH(CHX 2 ) 2 , analogous to the methylenebis compounds 64 and 65. 

The condensation of cycIohexane-l,3-dione in sulfuric acid with 
N.N'-methylenedibenzenesulfonamide or N,N'-methylenedi-p-toluene- 
sulfonamide yielded the corresponding diketones 68 in 18 and 19% yields, 
respectively.®^ 


C2HjOCOXHCH(CH3)Cir(COCH3)2 

69 

Ethyl carbamate, acetaldehyde, and pentane-2,4-dione were condensed 
to give the urethan 69,*°® This is apparently the only reported case of 
amidoalkylation with an alkylidenebisamide derivative. 

With N,N'-Arylidenebisamides or Their Precursors. The reactiv- 
ity of these amide derivatives though diminished is still sufficient for 
condensation with most of the reactive methylene compounds. Two 
methods are generally used to effect the condensation: the preformed 
arylidenebisamide is condensed with the active methylene compound, or 
the aldehyde and amide (or the ammonium salt of the corresponding 
carboxjdic acid) are treated with the active methylene compound. Both 
methods usually involve acetic anh 3 ’’dride or acetic acid-acetic anhj'dnde 
mixtures as the solvent, although early workers used ethanol and hj'dro- 
chlorio acid.*®® 


a H^NHSOjAr 
.O 
68 


Hir»e*nd Deshpande, Proe. /ndwa Ae<id..Sc\. 13A, S 77 (1911) fC..1.. 33, «30 (1911)] 
*”Hirwe«nd K.na, J. Indian Chem. Sot., 17, <81 (1910) [C.A ,33. 3130(1911)] 

*•* Bianchi. Oatz. CA«m. Ital., 42 (IJ, <99 (1912) (Cktm. Ztnir.. 1912, H. 339)- 
**• 8t«ranovi<, Prrkajaki, and Mihailovii*, Btr. Cktm, On. Bftfradt, 22, 113 (1937) (CA^m. 
inKr.. X959, 9993 ), 

Swfanovie, Stpfano\i^, and Milanovn*, Brr Chrm On. BtXjrndt, 20, 313 (1933) (CAem. 
itxtt., 1957^ 8134), 

Bianrhi and SchifT, Otut. CA»m. Hal , 41 (11), 81 (191 1) (rAm Ztntr , 19U. JI. 19191. 
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The condensation of arj^lidenebisamides with ethyl 
clarified the reaction conrse. It was shown that, when a iBnxtnre of 
henzaldehyde, acetamide, and ethyl nitroacetate in acetic a y n 
heated the ester 70 was obtained in 61% jaeld.i The course o ^ 
reactiok the same mhe„ 

stituted for the henzaldehyde and acetamide. Under the latter con 
ditions, however, a better yield (85%) of 70 was obtained. 

CgHsCH(NHCOCH3)2 


(CH,C0),0 

O 2 NCH 2 CO 2 C 2 H 5 ^ 


13)2 ~ W2a.-.vya-a2'-^^2''2“5 

CH3C0NHCH(C6H5)GH(N02)C02C2H5 -f CH 3 CONH 2 


N, 2 s'-Benzylidenebisacetamide also condensed with nitromethane m 
analogous fashion, producing the nitro compound 

CH3CONHCH(CsH5)CH2N02 

in 32% yield.^“ As expected, nitromethane is less reactive than ethyl 
nitroacetate and requires a longer reaction time even for lower yields. 

Ethyl acetoacetate has been condensed irith aldehydes and amides 1 
ethanol and hydrochloric acid’ll as well as with N,E'-aryUdenebisamides 

in acetic anhydride.^^^ Cbmpounds of the type 


RCONHCH(Ar)CH{COCH3)C02C2H3 

are obtained. Like acetoacetic ester itself, the condensation products 
exist in two tautomeric forms. As a consequence, they decolorize bromine 
water and produce a reddish brown coloration with alcoholic ferric 

chloride solution. Acid cleavage leads to ^-arjd-^-acylaminopropionic 

acids, BC 0 NHCH(Ar)CIi 2 C 02 H, in good yields, but ketone cleavage doe= 

not occur. ^ . 

The reaction of arylidenebisarnides malonic esters in aceii 

anhydride yields the expected condensation products.^^^ 


RC0^:HCH(Ar)CH(C02B')2 

The reaction time appears to be important. For example, N ,X'-benzyl' 
idenebisacetamide gives a 62®/o yield of amidoalkylated product in 3 
hours, but after 0 hours only an 11% yield can be obtained. The major 
products isolated from these prolonged reactions are the arylidenemalonio 
esters resulting from the elimination of amide. Partial 
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hydrolysis of the amidoalkylated esters produces the malonic acids xvhich 
decarboxj'late to give ^-aryl-^-acylaminopropionic acids 


RCONHCHCAr)CHjCOjH 

in excellent yields.^^s Diethyl ethylmalonate reacts with N.N'-benzyl- 
idenebisacetamide in an analogous foshion. Although partial hydrolysis 
of the product leads to a half-ester of malonic acid, more severe conditions 
result in both decarboxylation and amide elimination to give a-ethyl- 
cinnamic acid, C6H5CH=C{C2H5)C02H.ii5 
Reactions of cyanoacetic esters with arylidenebisamides do not take the 
expected course but lead to the elimination products ArCH=C(CN)C 02 R.*^® 
These condensations proceed best in the absence of any solvent or catalyst. 

Hippuric acid as an active methylene compound condenses with 
arylidenebisamides in glacial acetic acid or in acetic anhydride to give, 
as the main product, |8-aryl-a,^-diaeylaminopropionic acids, 73, in two 
diastereomeric forms.**^ In several reactions the corresponding azlac- 
tones 72 are formed; and in all instances small amounts (~10%) of the 


C^HjCONHOHjCOaH 


(RCOXH),CHAr^ 



RCONHCH(Ar)CH CO 



C 


I 

CgHj 


+ RCONHCH(Ar)CH(NHCOC,H5)C02H 


72 


azlactones 71 of ^-aryJacrylic acids are obtained. The complicated 
configurational relationships among these products have not been com- 
pletely elucidated. Hippuric acid does not react with o- or p-nitro- 
benzylidenebisacetamide, but the meta isomer gives the corresponding 
azlactone 71 (Ar = »n- 02 NCjH 4 ).*^’ The acids 73 as well as the azlactones 
72 undergo acid hydrolysis to the corresponding ^-aryl-a.^-diaminoprop- 
ionic acids, ArCH(NH 2 )CH(NH 2 )C 02 H. 

StefanovW and Njk>d, Org. Chem., 17, 1305 (19S2). 

Stefanovii and SWfanovW, J. Ory. Chem., 21, 161 (1956). 
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One heterocyclic compound which has been reported^s 

reaction in acetic anhydride with N,N'-henzyhdenebisacetamide is 

piperazine-2, 5-dione. It gives the diketone 74 m ^9 /o yield- _ 
heterocychc compounds apparently condense with -benzy en 


CHgCONHCHiCgHs) 



acetamide in glacial acetic acid but without leading to a-amidoalkylation 
products i'>9-i“ Thus rhodanine gives 75 in 99% yield, n" and barbitjmc 
acid gives 76 in 91% yield i<« The yield of the latter is lowered to ol /o 
'w'hen the solvent is acetic anhydride. 


S=C 


/ \ 


c=o 


-C==CHC.H= 


isra 

^c=o 

HX C=CHC6H5 

\ / 

c 


o 


76 


Some cyclic ^-diketones are reported to condense with X,lSr'-benzylidene' 
bisamides to give the corresponding 2-(a-acylaminobenzyl) derivatives in 
poor to moderate yields.®^ For example, 5,5-dimethylcyclohexane-l;3- 

dione, with Is.N'-benzylidenebisacetamide, produces 77 in 12% yield. 
In the same manner cyclohexane-1, 3-dione and X,X'-benzylidenebiS' 
bcnzamide give the corresponding product 78 in 40% yield. 


O 


<-"^jCH(CeH5)XHCOCH3 

(CH3)jLJ=o 


o 



.CHCCgHglNHCOCgHs 

O 

78 


With N-Aminomethylamides and Their Quaternary' Salts. 
contrast to the aromatic systems, a number of reactive methylene 
com]>ountis undergo base-catalyzed amidoraethylation with N-dialkyl- 
aminomethylamides,^'-''^ They include dialk\d malonatc.« and their 

Hrnm.a.r)n nnt! Hoa*, n^r., 90, I3r»7 (J957}. 
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monosubsUtuted derivatires, ethyl acetoacetate, /?.diketones. and 
nitrocyclohexane. For example, the last compound condenses with N-(di- 
methylaminomethyl)benzamide 79 in the presence of powdered sodium 
Hydroxide m boiling toluene to give 80 in 38% yield. 


XO, 

C,HsCOXHCH.X(CH,)- + 

I J c.UjCir, 

79 


OjX CHjXHCOCjHj 




+ (CHjljXH 


Two cj-ano compounds have been amidoalkylated by X-diethylamino- 
meth3’lbenzamide with good results.”® Diethjd a-cj-anopimelate (81) 
reacts in the expected manner to give an 85% jdeld of the product 82, 
and ethj'l a-phenj'lc3’anoacetate undergoes analogous conversion in 74% 

CX 


CjHjCOXHCHjXtCjHjlj + CHCOjCjHs ^ ° ° 

(CH.l^COgCjHs 


CgHjCOXHCHjCCOjCjHs 


yield. In interesting contrast, how ever, is the observation that compound 
81 with N-fnethyl6lbenzamide in strong acid is converted to the N-alk3'lated 
product 83 in high yield. « 

CgH5C0XHCHjXHC0CH(C0jCgH5)(CH3)^C08CtHj 

83 

Only a few reactions of N-dialkylaminomethylphthalimides with 
reactive methylene compounds have been reported, and they have usually 
led to by-products.®! Diethyl malonate reacts ^vith N-dimeth3''lamino- 
nieth3dphthallmide (84) to 3’ield the unstable derivative 85. The chief 
products formed were phthalimide and dieth3d methylenemalonate (86). 
Attempts to add phthalimide to 86 to produce 87 were not successful. 

English and Clapp, J. Am. Chem.Soe.. 87, 2262 (I94S). 
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On the contrary, evidence indicated that, under the reaction conditions, 
87, like 85, undergoes elimination to give 86. 


o.CcH4(CO)2NCH2N(CH3)2 4- CH2(C02C2H5)2 ■■ > (CH3)2NCH2CH(C02C2H5)2 


84 


85 




o-CeH,(CO)3NCH3CH{C03C3H3)j [°-C6H4(CO)3KH]^ CH 3 =C(C 03 C 3 H 5 )j 


87 


86 


The quatemarj’- salt 88 reacted with diethyl malonate to give only a 
small amount of the dialkylated product 89.®! With sodium cyanide, 
however, it gave the nitrile o-C6H4(CO)2NCH2CN in 80% yield. 

o.CeH4(CO)2NCH2N(CH3)3ie + CH2(C02C2H3)2 — --gly 

88 CjHsOH 

[o-C6H4(CO)2NCH2]2C(C02C2H5)2 

89 

With N-Acylimines. Relatively few examples of this reaction have 
been reported. Ivanoff found that benzoyl derivatives of diaryl ketimines 
will add reactive nucleophilic agents such as the chloromagnesiuW 
derivative of sodium phenylacetate!® and the lithium derivatives of 
acetonitrile,!^® propionitrile,!®! and butyronitrile!^! prepared in situ with 
lithium amide in liquid ammonia. 


C3H5COX==CAr2 


C.HsCHdrgCDCO.Xa 

—> C6H5CONHCAr2 

I 

CgHsCHCOaH 

nCH(Ll)CX 

' >- CeHsCOXHCAra 

I 

RCHCN 


\ields of the reactions ranged between 40 and 85%. This synthesis 

offers promise as a convenient entry to systems highly substituted by 
l>ulky groups. ® 

Acetoacetate with N.N'-Alkylidene- 
and N,N -Aryhdene-bisureas or Their Precursors. The BiginelH 
Pyrimidine Synthesis. Biginelli treated ethyl acetoacetate with urea 


4112 Compt. Iltnd. Acad. Uxilgarc Sci., 15, 403 (1902) [C.A. 

(1902) (C.A. . 59. 2099 ('l'oC3)].' ^ ‘'r”'"''®''®' P.cnd. Acad. Bulyarc Sci., IS, 
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and bcnzaldchyde and obtained 5-cnrbethoxy.2.keto-6.nieth3'1.4-phenyl. 
l,2,3,4.tetrahydropyrimidine (90).*" He extended the reaction to other 


CHjCOCHjCOjCjKs + CgHjCHO + CO(N*Hi)i, 


CH. 

C 

/\ 

HN CCOjjCjHs 

I I 

0=C^ CHC 4 H 5 


H 

90 


aldehydes and made the first contribution to an understanding of the 
course of the reaction bj- using the corresponding arylidenebisureas, 
(HjNCOXHljCHAr, in place of the aldehydes and urea.**^~*** Under 
the original conditions the reaction gave only moderate yields, but later 
workers, by using a l-mole excess of ethyl acetoacetate, were able to 
increase the jnelds appreciably.*** Using bcnzaldehyde, they also showed 
that the substituted dihydrolutidine 91 was a by-product and that the 



course of the synthesis can be described as follows. Preformed N,N'- 
benzylidenebisurca reacts with ethyl acetoacetate to give 90. The mole- 
cule of urea which is eliminated in this process condenses with a second 
molecule of ethyl acetoacetate to give ethyl y3-ureidocrotonate, 
CHjqNHCONHjl^CHCOjCjHs, which in turn reacts with benzaldehyde 
to give the Biginelli product 90. However, some of the ureidocrotonate 
hydrolyzes to ethyl ^-aminocrotonate, ammonia, and carbon dioxide In 
the presence of ammonia, conditions become favorable for the Hantzseh 
synthesis and this accounts for the side reaction leading to the pyridine 
derivative 91. 

F urther work confirmed these results and showed (o) that condensation 
of urea with ethyl a-benzylideneacetoacetate plays no part in the reaction; 
and (6) that under the reaction conditions the ureidocrotonate is partially 

Biginelli. Btr., 24, 1317 (1891). 

’• Biginelli, Ber., 24, 2962 (1891). 

*** Biginelli, Oa:z. CMm. Jtal., 23 (I). 360 (1893); Ber , 26, 447 (1893) 

•'* Hinkel and Hey, Bee. Trai. Chim , 48. 1280 (1929). 
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cleaved to urea and ethyl acetoacetate.^®*^^' It was also demonstrated 
that the Biginelli synthesis is catalyzed by mineral acid, to which the 
yield is approximately proportional. In the absence of acid, reaction 
proceeds extremely slowly. 

Thiourea can be substituted for urea in this process. With benzalde- 
hyde the thiopyrimidine 92 is formed.^^ 


CH., 

C ^ 

HN CCO 2 C 2 H- 

1 I 

S=C CHC.H. 

\/ 

X 

H 

92 


a-Amidoalkjiation of Active Methylene Compounds Other than 
Ethyl Acetoacetate with Urea and Aldehydes. Some interesting 
work using aromatic aldehydes, urea, and ^-diketones in acidic media has 
led to compounds of the type aromatic aldehydes vere 

used successfully with pentane-2,4-dione (R = R' = CH 3 ), and fi^e 


R 

C 

/ 

HX CCOR' 

^ 1 1 

0=c CHAr 

\/ 

X 

H 

93 





H 


94 


aromatic aldehydes were employed with l-phenylbutane-L3-dione. The 
yields vcre fair (40-90%), hut the positions of the substituents in the 
butanedione products were not established. Propionaldehyde and urea 
react vith pentane-2,4-dione in an analogous fashion (32% vield), but 
hcptanal and isovaleraldehyde do not. 

Cj-clohexane-l,3-dione reacts with o-chlorol>enzaldehvde and urea to 
give the bicyclic compound 94 in 80% yield.i=a The reaction is not general. 


Jc,tn.cn..r. Am. Ch,m.So^.. 54, 3751 (1932;. 

Rnci Johntton, J. .4m. 5*; 

St.r.imirt * 177 (1955): W.Sin,v^,.6, 247 (1937) [C..4-. 5^. 

o • "'1 w“’ 1"’ 52. C3C0 (195S)]. 

n.i «rKl u. Ac.i Ch,m. Sir.ira. 22. ISS ( 1939 ) (C.. 4 .. 52, C3C0 (195S)), 
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n-ButjTnMchj-dc, p-methoiybcnzaldchyde, and ^).dimethylaminobenzaI- 
dehydc all condensed preferentially with 2 molecules of the diketone to 
give, after intramolecular dehydration, tricyclic compounds of type 95. 


R (I 


oco 


Phenylacetaldehj'de did not yield the expected Biginelli product 96. 
Instead the pjTimidine 97 was obtained.”* Clearly this arises from the 
substitution of a molecule of phenylacetaldehyde for the usual ethyl 
aeetoacctate. The same pyrimidine, 97, as expected, was also formed 


CH, 

HX''^CO,CjHs 



when phenylacetaldehj'de and urea were condensed in the absence of 
acetoacetic ester. 

Amldomethylatlon of Potassium Cyanide with ArenesuKon- 
amidomethanesulfonates. Onlj’ one report concerning arenesulfon- 
amidomethanesulfonatcs seems to have appeared in the literatnre.*^ 
The sulfonate 98, prepared by heating m-benzenedisulfonamide with 
sodium hydroxjTnethancsulfonate, on treatment with excess aqueous 

O SO,NHCH,S03Xa kcx 

SOjXHCHgSOjNa 
98 


SOjXHCHgCX 

99 


potassium cj'anide produced the dinitnle 99 in 75% yield. The mtrile 
is readily hj'drolj’zed to the corresponding dicarboxyhc acid. The 

reaction with ’benzenesutionamii^ 'm aTi 


Preparation of the Electrophilic Reagents 

If there is any process w ithvn the scope of this review which has received 
adequate attention, it is the reaction of forraaldehj'de w'ith cyclic and 

Folkers and Johnson, J. Am. CAet". Soe., 55, 3361 (1933). 

“• Knoevenagel and Lebach, Btr , 37, (1904). 
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acyclic mono- and poly-amides,^^ Studies of this reaction have 
involved the labeling of proteins and peptides/^ the modification 
of nylon pohmiers/^'^^ the preparation of cross-linking agents for 
crease-proofing or softening cotton textiles, and the development 
of ^vaterp^oofing agents for textile materials furthermore the 
commercial importance of urea-formaldehyde and urea-acetaldehyde^*^^ 
pohuners has stimulated a number of fundamental investigations in this 

N-Methylol- amides and -imides. Amides and imides react 
reversibly with formaldehyde in acid, neutral, or basic media. The 

BCOXHo -f CH^O ;=^ RCOXHCH2OH 

reaction is catalyzed by either acid or hase,^^^ but, over a relatively wide 
pH range (2-12), the activation energy of the reverse reaction remains 
greater than that of the forward process by a nearly constant amount 
(~o kcal./mole).^^-^^-^^® Although the equilibrium favoring the X- 
methylolamide is practicalh’ unaifected by pH, elevated temperatures 
tend to favor the dissociation reaction which has the liigher activation 
energy. For this reason the isolation of products often must be carried 
out at or near room temperature, and purifications by recrystal- 
lization should be conducted with a minimum of heating.^^^*^^- In the 
absence of large concentrations of formaldehyde, contact with aqueous 
acid or alkali, as expected, causes reversal of the methAdoIation reaction 
even at room temperature."® 

Condensation of amides with formaldehyde under neutral or basic 
conditions is preferred because acid catalysis often leads to further 

Wnlk^r, FormoMthydr, 2nd ed., Rcmbold. Xew York, 1953, pp. 290-309- 

Cnimv?, Fostrr, I^rchar. Sohneidfr, and Schreiber, --Im. Ch^m. Soc„ 71 , G5l (1949). 

Cairn*. Gray, Schnoidcr, and Schreil>cr, J. Am. Chem. Soc., 71, 655 (1949). 

Tovt-y, j., 31 ^ 1S5 (1961) [C.A., 55, 11859 (1961)]. 
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transformation of the N-methyloIamides to the corresponding ethers, 
(RC0NHCH2)20, or methylenebisamides, (RCONH)2CHj. Kinetic 
studies indicate that the hase-catalj'zed reactions occur by attack of the 

„ e 

amide anion, RC(=NH)0®<-> RC(=0)NH, at the carbonyl carbon atom 
of formaldehyde.^^3'^^® This finding explains why reactivity toward 
formaldehyde under these conditions generally follows the order of 
increasing amide acidity, e.g., 

CH3CONH2 < CgHjCOXHa < o-CgHgiCOl^KH 

Early work indicated that susceptibility to N-methylolation b3' formal- 
dehyde was generally restricted to primary amides The monomethj’lol 
derivative of 1,3-dimethylurea^®^ and three derivatives of the type 
RC0N(CH20H)2**'^^ were originally the sole exceptions to this rule. 
Recent work, however, has demonstrated that the reactivity of N- 
mono-alkj'lated amides toward formaldehyde is greater than had been snp- 
posed.*^-'^'^5*® Although the reaction may not he complete and products 
maj’ not be readily isolable in crystalline form, raanj" N-methyloI-N- 
alkylamides can he obtained m good yields as crude oils and can be used 
in that form. 

Unsubstituted^^^'^56 N-monosubstituted sulfonamides*®^ also react 
readily with formaldehj’de to give the N-methylol derivatives Indi- 
cations are, however, that they tend to disproportionate to the methjdene- 
bisamides and also undergo polj’inerization more readily than their 
carboxamide analogs 

N-a-AIkylolamides. Most aliphatic and all aromatic aldehydes do 
not behave toward amides as formaldehj'de docs. Reaction usually' docs 
not stop at the N-alkylol stage, RCONHCHOHR', but progresses further 
to the alkj’lidene- or arylidene-hisamide, (RCOKHljCHR'. l-Ethjdol- 
and l,3-dieth5’lol-urea have been prepared m crude form from acetaldehyde 
and urea, but, aside from, these, the only exceptions to the rule above are 
the a-halogenatcd aldehydes.*** Chloral, for example, reacts readily 
uith amides, either spontaneouslj^ or on heating with or without an acid 
catalj'st, to give the N-alkylolamidcs, RCOKHCHOHCClj, or “chloral- 
amides”.*®® Sulfonamides also react readily.*®* Other aldehydes that 

•** Einhom and ITanibiirger, Ann., 361, 12S (1908). 

•** Vai), Storan, and Moore, J. Org Chtm , 27, 2007 (1082) 

Chupp and Spoziale, J. Org. dem , 28, Jo92 (1903) 

*•* Fribalmann, Ger. pat. 403,718 (CArm Ztnir , 1925, I, 440) 

Hug, Bnll.Soe. dim. Frorwr, 1934, 990. 

*•’ Uirdomann and Strasabargrr, Cer pat. 947,795 (C..4 , 53, 2262 (1939)] 

Jafobaon. .4nn.. 157, 245 (1871) 

•** Liohtrnbargar, FK'ury, and Ilarptte, Bull, Sot. dim Fmntt, 1955, 869 
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have been shovTi to undergo the same condensation are bromal, bromo- 
dichloroacetaldehyde, dichloroacetaldehyde, dibromoacetaldehyde, and 
2,2,3'trichlorobutanal. Numerous examples of these alkylolamides have 
been reported by Feist®^*^®® and by groups led by Chattaway/®^'"^®^ 
Meldrum,^®^-^®’^ and Through 1962, however, extension of 

the reaction to the presently available trifluoroacetaldehyde apparently 
had not been reported. Also, one might expect some of the recently 
accessible polyhuorinated ketones to react analogously, especially in view 
of a recent report shoving that carbamyl derivatives of fluorinated alde- 
hydes and ketones are stable In this instance, however, they were 
prepared bj’’ the action of an alcohol or an amine on an intermediate 
isocyanate. A number of fluoral carbamates and ureas were prepared in 
this way. 

CF3CHO + HNCO OCNCHOHCF3 RNHCONHCHOHCF3 

Of incidental interest is another recent report showing that chloral 
reacts with potassium cyanide or chloral cyanohydrin in aqueous alkali to 
give a chloral-oxazolidone derivative 

3CCI3CHO -f KCN CO NCHOHCCI3 

I I 

CI3CCH CHCCI3 

\ / 

O 

As expected, these N-alkylolaniides, like N-methylolamides, are un- 
stable. On being warmed in water or heated above the melting point, 
they dissociate to amide and aldehyde.^'^'^"^ alkaline media this 
occurs at room temperature.^"^ Hirwe and Rana have studied the effect 

jBfr., 47, 1173 (1914). 

*♦1 Chnttawny and dames, Proc. Hoy. Soc, {London), A134. 372 (1931) [C.A., 26, 12^9 
(1932)]. 

Chattawfiy and James, Proc. i?oy. Soc. {London), A137, 481 (1932) {C.A., 26, 5549 
(1932)1. 

Chnna^vay and James, J. Chrm. Soc., 1934, 109. 

Meldrum and Bhojraj, J. Indian Chem. Soc., 13, 185 (1936) [C.A., 30, 5940 (1936)]. 

Meldrum and Tala, J. Univ. Doml>ay, 6, Pt. 11. 120 (1937) [C.A., 32, 3761 (1938)). 

Meldnim and Deo<lhar. J. Indian Chetn. Soc., 11, 529 (1934) [C.A., 29, 130 (1935)]. 

Meldmm and Pandya, J. Univ. Bombay, 6, Pt. II, 114 (1937) [C.A., 32, 3700 (1938)]. 
and Deshpnnde. Proc. Indian Acad.Sci., ISA, 275 (1941) (C.^l 35, 0250 (1941)]. 

*•* Hirue, GnvanUar. and Patil, Proc. Indian Acad.Sci., HA, 512 (1940) [C,A„ 34, 7682 
(1940)1. 

Hirwe and KulUamt, Proc. Indian Set., 13A, 49 (1941) {C.A., 35, 5502 (1941)]. 

Hirwe and P.ann. Urr., 72, 1340 (1939). 

Hounvrtn, ramplwd!, and Tanner, J. Chem. S'or., 1963, 092. 

Pi*ehofT, Urr,, 7, 02S (1874). 
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of ring substitution on the ease of formation and stability of the N-alkylol- 
amides, ArCONHCHOHCCla, derived from chloral and aromatic amides.*^^ 
Some of their findings are unusual and may be of some theoretical interest. 

Cyclic N-«-aIkylolamides are formed by hydride reduction of certain 
dicarboxylic imides. a,«-Disubstituted succinimides and glutarimides 
are reduced by lithium aluminum hydride at the unhindered carbonyl 
group.”* Similarly, phthalimides can be reduced selectively with sodium 
borohydride.*^® Phthalide and n-hydroxjTnethylbenzamides often appear 
as by-products, houever. 


NH 

/ \ 

CO CO 

I I 

CeHjCtB) — CHj 


iiAin, 

<C,Tl5>,0 


NH 


CO 


\ 

CHOH 


CjH5C(R) CH;. 


o-CgH^{CO)jNR 


XaCK, 

CltjOH 


,CHOH XSnCHjOH 
>NR + [ ] ' 

^CO IL^CONHR 



Only one «-aIkj’lolamide appears to have been used directly for the 
alkylation of a carbon atom.®® It is 2-h3"drox3'pteridine hydrate (51; 
see p. TO), prepared by the condensation of 2-h3’droxy-4,5-diamino- 
pjTimidine uith glyoxal in aqueous solution.*’* The more common 
chloralamides have not been emploj^ed as a-amidaalkylating reagents. 
Instead they have been converted to the more reactive halides, 
RCONHCHXCX3, with which successful alkylation is more likely. 

N-Halom ethyl- and N-a-Haloalkyl-an\ides and -imides. A. 
N-Hahmtthijl Derivatives. Most N-chloro- or N-bromo-methylamides or 
-imides have been prepared by treatment of the corresponding N-methylol 
derivatives with the reagents usually’ employ’ed for making acid halides 
from carboxjlic acids. Thionyl chloride alone.*”-**® in ether,*** *** in 
chloroform,**® or in benzene*** provides the most generally convenient 
reagent for this transformation However, phosphorus pentachloride or 



96 


ORGANIC REACTIONS 


pentabroinide alone in in chloroform,®®'^®" in a carbon 

tetrachloride-acetyl chloride mixture ®5 or in dioxane^^'^s have often been 
used. Phosphorus trichloride or tribromide has also seen occasional 
serrdce.®’^®®'^®® 

Phosphorus ox3’chloride has been effective in one instance. Although 
N-methylolphthalimide on short treatment gave only the symmetrical 
ether [o-CeH 4 {CO) 2 NCIl 2 ] 20 , prolonged heating at reflux temperature 
converted the ether to N-chloromethylphthalimide. N-Chloromethyl- 
phthalimide is also obtainable by warming N-ethoxymethydphthalimide^^ 
or N-piperidinomethylphthalimide^®^ with acetyl chloride. 

Certain K-methylolamides can be converted to the halides merely by 
heating in concentrated hydrochloric or hydrobromic 
This reaction is not general, for, although N-chloromethylphthalimide can 
be prepared in this way,^®“ N-chloromethylmaleimide cannot.® Concen- 
trated sulfuric acid catalyzes the reaction of N-methj'lolphthalimide vdth 
48% hydrobromic acid."®'^®^ 

A number of N-chloromethj’lamides, particularly those derived from 
fatty acids, have been prepared directly from the amides bj’ treatment 
with paraformaldehyde and dry hydrogen chloride in an inert solvent such 
as methylene chloride, benzene,^®®'^®® dioxane,^®^ or glacial acetic 
acid.^'^®^ The products were not isolated but were used directl}’ without 

RCONHo -f- (CHoO), -f HCl RCONHCHoCI 

purification. Analyses of the crude mixtures indicated conversions of 
the order of 20 to 30%. Crude N-chloromethylbenzenesulfonamide, 
C^jHj^SOoNHCHoCl, was also prepared in this way.^®^ 
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Two special methods hare been utiliied to prepare N-chloro- and N- 
bromo-methylphthalimides. In one, heating phthalimidoglycyl chlo- 
ride at 240° effected decarbonylation to the chJoromethyl derivatire;*®- 
in the other, If-methylphthaUniide with bromine at 160-170° gave the 

o.C,H,(CO)sXCHjCOCl o-CgH^iCOj^XCHjCl 
bromomcthyl analog reportedly in quantitative yield.^*^ 


o-CsHilCOljNCHs o-CgH^iCOijNCHjBr 

B. N-ji-Haloalkyl-amide^ and -imirfas. Because the only a-alkjdolamides 
that have been isolated in pure form are those derived from a-halogenated 
aldehydes such as chloral and bromal, most known a-haloalkylamides are 
derived from them. Almost invariably these have been prepared by 
wanning the alkylolamide ^vith phosphorus pentachloride or pentabromide 
in the absence of sol vent. 

RCOXHCHOHCClj I^lL^ RCONHCHBrCClj + POBrj 

In order to introduce a structural variation in the product, an indirect 
procedure has been used.^'®°® For example, reduction of the alkylol- 
amide 100 with zinc and acetic acid gave the dichlorovinylamide 101. 
Either halogen acid (HX) or halogen (X^) can be added to intermediate 
101 to give the a-haloalkylamides 102 and 103, respectively. 

RCONHCHXCHCl, 

|hx 

RCONB[CH=CClj 
101 

RCOXHCHXCXClj 


RCONHCHOHCCI3 

■* CH.ro.it 
100 


>•* Willard and Maroilton, J. Am Chrm Soc., 75, 2370 (1833) 

Hirwr, Gaiantar, and Pali), Fror Induin Aead Sn , 13A, 371 (1941) [C A , SB, t59i 

lliiNLt and Uana. J. Ifdtuxn Oifm.Soc., X8, 677 (1939) (C..4 , 34. 4731 <1940)1 
«»’ Yeiburp,.,/. /nd«n C4r™. S<xr.. 10, SS3 (1933) fC .4 . 4«« (1934)]. 

«• Yrlburp and Wheeler, J. Jmiutn CArm Sor , 11. 217 (1934) (C.4 , 23. 4377 (1934)] 
‘*»MfUnimandVa.l.J. Ind^n Oirm. Soc , IZ, 117 (1938) [C d . 30. 4813 (1938)]. 
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Several N-a-haloalkylplitlialimides have been obtained in this way from 
N-vinyl-^^®*^^^ and N-propenyl-phthalimide.^^^'^^^ For example, addition 
of dry hydrogen chloride to the former gave a 97% yield of N-a-chloro- 
ethylphthalimide and addition of bromine gave the corresponding 
dibromide, The latter compound also was 

nci 

o.C6H4(CO)2XCH=CH2 > o.C6H4(CO)2XCHC1CH3 

prepared by brominating N*(/9-bromoethyl)phthalimide (89% yield) and 
N-ethylphthalimide (27% yield) with N-bromosuccinimide.^^^ 

Extension of the decarbonylation reaction mentioned on p. 97 to 
a*phthalimidobutyric acid produced an a-haloalkyl derivative. When 
the acid was heated with phosphorus and bromine at 100°, it gave 
N-(l,3-dibromopropyl)phthalimide in 52% yield.^^'^is 

o.CeH4(CO)2XCH(C02H)C2H5 — o-C6H4(CO)2NCHBr(CH2)2Br 

Recent work has shoum that acid chlorides will add to imines derived 
from aromatic aldehydes to give a-chloroalkylamides.^® 


ArCH=:NCH3 + RCOa >-RCON(CH)3CHCLAr 

Another recent report describes the preparation of X- ( 1 , 2 , 2 , 2-tetra- 
chloroethyl)carbaniates by the treatment of the corresponding isocyanate 
vdlh alcohols and phenols.*^ 


OCXCHOHCCU : V OCXCHClCCh 

CelljCHa.nO’ ^ 


noH 


■> 


R 02 CXHCHC 1 CC 13 


Finally, a-chloroalkvl derivatives of acetamide and of benzenesulfon- 
amide have been prepared in crude form in solution by direct reaction of 
tlic amide, an aldehyde, and dry hydrogen chloride. 


CH3COXH2 - KCHO 4- HCl CH3COXHCHCIR 
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Ethers of N-Mcthylol- and N-a-AIkylol-amides. A. Ethers of 
K-iltthylohamides and ‘irntdes. These substances are most simply pre- 
pared by acid-catalyzed alcoholysis of N-methylolamides. Primaiy 
alcohols react more readily than secondary',’* and tertiary carbinols do 

RCONHCIfjOH » BCONHCHjOR' 

not react at all.*” Under similar conditions one ether can be made from 
another by an alkoxyl interchange process,’* *’* With raercaptans thio 
ethers ore formed.*’* Excessive amounts of acid are to be avoided 

E-OII, H® 

RCONHCHjOR' . RCONHCH^OR' 

because under such conditions the ethers, hke N-methylol compounds, are 
readily converted to the corresponding methylenebisamides. A pH of 
about 3 is optimal for stopping the reaction at the ether stage.*” 

In a few instances N-methoxyunethyl derivatives of urea have been 
obtained by direct condensation of formaldehyde with urea in meth- 
anol.**®'*’* The generality of the method, however, has not been 
established. 

Ethers of less reactive alcohols can be prepared by solvoly'sis of N-halo- 
methyl-amides or -imides. Thus N-bromomethylphthalimide with tri- 
phenylcarbinol gives a 50% yield of the ether.” 


Tertiary carbinols that undergo facile acid-catalyzed elimination, i.e., 
t-butyl alcohol, obviously cannot be etherified in this uay. 

The tendency for N-methylolamides to undergo self-etherification, i e., 

2RCONIICH2OH ■ > (RCONHCHj)jO 

varies with the structure of the amide, but etherification usually can be 
effected in the presence of controlled amounts of mineral acid (see above). 
The great ease with which ether formation occurred m some reactions, even 
in alkaline solution, led Einhorn to assign to the ethers the isomeric 
N-methylol-N,N’-methylenebisamide structure.’" ’^ 

RCONHCII^NtCHjOHjCOR 


Btiice wtkI Msnl«U, J. Org. CAero., 28, S176 (1961). 

Zijwunw and Hoselmarm, Monotah Chtrn,, 88, 5 (1957). 

Kadonaki, Bull. Chtm. Soc. Japan, H, SIS (1936) [C.A., 30, 5944 (1936)] 
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On the basis of chemical evidence, hoAvever, Zigeuner preferred the svm- 
nie rira et er structure.^ Furthermore, the infrared spectra of a series 
nvatives of this type prepared from long-chain alkyl amides shoved 
no hydro ^-1 absorption, 2 i- and both the infrared and proton magnetic 
resonance spectra of the benzamide derivative first reported by Einhom 
M co-workers^Oare consistentonlyforthe structure (CgH,COEHCH,), 0 .^^ 
concluded that Einhom’s original structural a'ssign- 
IS in error and should be corrected along 'R’ith several more 
recent erroneous assignments 22i}-222 

tra^ dropyranyloxvmethyl isocyanate has been used recently to 
prepare ethers of X-methylolcarbamates and of X-methvIolureas.^ 


n 

Ko^ocE^y:co 


ArOH 


ArOCOXHCBL >0 









In°Tt^ao°i^^*^’ ™i°!- except to hydrohdic conditions. 

Wa deS "I TT. " dov-n to amide. 

atc^m^MriK ' ■*■'*"2!'’'“”'''''’- Beaaaae nearly all X-a-alkylolamides 

tZ mn Z L T 'u “f ''•lor.l and b™mal rfee pp. 93- 

• 4). n,o.l of ,ho kno,™ e.her, lIl»n.L.e fall i„,„ n, 

RCOXHCH(OR')CX3 

aliphatic'ar^afic^n" the amides used include 

and urca’dcrivatives.” amides, a lactam, imides. carbamates, 

.l,?irn^'’f^’ r/?/" Ifpara.ion of ,ho X-^nhylol ethar, may 

aoid-camUyod alroh ' ■ nf ^'-a-alkylolamidos. Tliev arc 

aleoholvl "or,hl f 1 ^-■a.alkyl„l dcriva.iW^ 

01.01,, „ o, ,hc N.,.l„I„,,kv, comp„„„d,.«.=n.»..=,. „„,j 
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of an amide derivative with an aldehv’de in an acidic alcoholic medium.*** 

HOCONHCHOII ROCOXIICJIOR' 

ROCON'HCHOH ROCOXIICHOR' 

RC0N'{R’)CHXR' — ■ ”” > RCOK(R')CII(OR-)R* 

I,Xai(OR)CHj 

\ 

CO 

/ 

[sXCH(OR)CH, 

In addition, alkylation with dimethyl sulfate has been employed to 
prepare a number of methyl ethers.*"* *« tis.trs 

RCOXHCTIOHR' RCOXIICHtOCfljjR' 

A base-catalyzed ether interchange process has been utilized in several 
instances.***"*® The sjTumctrical ether employed as the starting 
material is readily obtainable from the X-a-alkrIol derivative by using 

IRXIICOXIICH(CX,)]jO ^*^1^ > . 2RXHCOXHCH{OR')CX, 

an acid anhydride or an acid chloride under Schotten-Baumann conditions 
(refs, D4, 93, IGO, IGl, 163. 16G, IGS. 207. 20S, 226-229). Workers who 
first encountered this reaction believed that simple elimination had 

(CU.COl.O i 

2RCOXHCHOHCX, — [RCOXHCH{CXj)>0 

.Sij \«OH 

occurred to produce X-acylimincs of tv-pe RCOX^CHCXj.** *** *** It 
remained for Feist to recognize the bimolecular nature of the dehydration 
and to assign the correct structure to the sjunmetrical ethers.®* In acid 
media the dehydration reaction is largely prevented, and normal esterifi- 
cation of the hydroxjl group predommates (see below). In this con- 
nection it is known that certain X-acetyl ketimmes spontaneously add 

*« Y<wt, U.S. r«t. 2,8S0,20S [CJ., M, 563 (I960J) 

*»* Hirwe .nd G«>ajiUr. J. fair, ffomlay. 6, II, 123 (1937) [C d , 32. 3762 (193S)] 

»« Hirwe and Bana, J. t>i>. Bomiay. 7. Pt. 3, 17* (193S) [C .1.. 33, 3778 (1939)J. 

Chattawa}. Kert, and Lawrence, CArm Sof , 1933, 30 

Hirwe and Patil, Brof, Itxfian Acnd. Sfi., ISA, 273 (1941) [C.d., 35, 6250 (1941)]. 

»«» sioschelca, Bcr,.24, 1503 (1891). 

*»• Hanizsch. Brr., 27, 1248 (1894). 


CIIjXK 

i ^CO ^ 

j ^ ROlt, ItCl ^ 

CHjXII 


ai,XCH{OR)ClI, 

I \ 


/ 

CH.XR 
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alcohols to give ethers. In contrast, the analogous J^-benzoyl ketimines 
do so ^vith comparative reluctance.^si 


CH3COX=CAr„ 4- ROH > CH3C0XH;C(0E)Ar2 

CeHsCOJvzirrCAro -f BOH > C6H5CO^■HC(OR)Axo 

A special method has been applied to the preparation of X-a-alkoxvethvl 
derivatives of imides and of one sulfonamide : reaction ^th vinvlethere 
at elevated temperatnres.232 the presence of acid, howeVer, the 
products derived from imides eliminate the elements of alcohol to give 


o.C6H,(CO)2^’H -f CH2=CH0R 


160-260= 
Xo acid 


o-C6H4(CO)2^^CH(OR)CH3 


p-CHaCsHjSOjXBCHj -t CH2=CHOR 


60^ 

> 

Acid 


i’-CHaCeHjSOo^lCHglCHlORlCHs 

(54%) 

^inyl imides, e.g o-C,H,(CO) 2 XCH=CH 2 . By contrast, carboxamides 
and prima^ sulfonamides generaUy react vith vinvl ethers {-vvith or 
without acid catalysis) to produce X,X'-ethyhdenebisa'mides, 


(see bclow).232.2S3 ^'H} 2 CHCH 3 

earW^r Preparing X-cj-alhosa-ethvl derivatives of 

cvlnato^T^,°T f treatment of i-alkoxvethvliso- 

cj anatcs vath alcohols or amines.^ 


HXCO -f R0CH=CH2 

OCXai(OR)CH3 


E'OH 


E’XH. 


R'OCOXH(ni(OR)CH3 
^ R'XHC0XH(IH(0R)CS3 


•1 Ir V r ; ^’-«-AlkTlol-amide Derivatives. 

‘'^■-^lethylolamides readilv undergo 
cnn -Vreethylolamides. however, have b2n 

1 • . nventional acylation methods. These include reaction of 

RC 0 XHCH, 0 H .. CH3CO2H HCOXHCH2OCOCH3 
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the methylolarnidc M'ith an acid anhydride in the presence 

of cataMic amounts of sulfuric acid* or of the corresponding sodium 
sa\t“,***“**^ treatment ^^ith an acid chloride or anhj’dride in pjTidine 
(refs. 8, CC, 181, 194, i?42, 243) or in aqueous alkali and heating 
with a carboxylic acid in the presence of hydrogen chloride*** or trifluoro- 
acetic anhydride.* The fonnyl dcTivatiTe, o-CjHj(CO)2NCH20CHO. was 
prepared (24% yield) by heating X-chloromcthylphthalimide in formatoide 
at 100°;**® X-acetoxjTnethylmaleimide was obtained (43% j-ield) by 
nectolvsis of N-chloromethylmaleimide at 100°;* and the phthalimido- 
methyl esters of a number of carbobcnzoxj’amino acids and peptides have 
been prepared by the treatment of X-chloromethylphthalimide with the 
amino acid in the presence of triethylamine.**** 

Esters of X-mcthj'lolamides may serve as useful derivatives for iso- 
lation and purification. Thus X-methyl-X-methj'lolacetamide, which 
could not be obtained in crj-stalline form, was converted to the acetate 
CH 3 COX(CH 3 )CHjOCOCH 3 , which could be distilled under reduced 
pressure.*” 

A direct preparation of eaters of X-mcthylolanndes from amides would 
greatly increase their usefulness as araidomethylating agents. One 
example of this sr-nthetic simplification is the preparation of X-aeetoxy- 
methylstearamide directly from stearamide.*** The relatively mild 
conditions used in the procedure suggest that it may be generally appli- 
cable to the synthesis of other esters of this type. 

B. Esters of y^x-Alhjtolamides. Xearly all substances of this ty-pe are 
either acetates or benzoates of chloral- or hromal-araide derivatives, 
RC0XHCTI(0C0R')CX3. They have usually been made by direct 
acylation of the corresponding hydroxy compound with acetyl chloride 
or benzoyl chloride either alone”'*®* or in the presence of pyridine Jomss.zm 
A cetic anhydride with catalytic amounts of concentrated sulfuric acid 
generally gives the corresponding acetate (refs. 161 , 162 , 166 , 168 , 225, 
228), but in the presence of aqueous sodium hydroxide it usually produces 
the symmetrical ether (see p. 101 ).”'®*'*®® This tendency toward ether 
formation is also governed, however, by' the nature of the a-alkylolamide. 

”* P«W, U.S. p«t. S,4T7,SI6IC..t.. 44. 168 (1950)] 

”*^Afpp. 17.S. pai. S,SSS,-tSJ{C.^., SS. 

”’Spit»f, 23. 455 (I934)£C.4,.50. 311 (1956)] 

«» Monti ond Vuituri, Oa:z. Chim. Iwl„ 76. 365 (1946) tC.jt., 42. 1261 (191S)) 

“•Zellnw, AuBtnnn p«t, 176.561 (C.,4., 43. 10778 (1954)]. 

••• Zellner, Austrian pat. 176,562 (C A.. 43, 10778 (1954)] 

•” Zellner, Ger. pat. 927,269 (CArm Zentr., 1955, 7980) 

**• and FsjbeimaTwv, Ann., 561, 153 <19081. 

••• Jlauch, Kasatkin, and Celfer, J. Otn. CAem, USSB (Engl. Tranat ). 27, 213 (1957). 

•*“ Kefkens, A’ature. 193, 974 (1962), Etc. Trav. CAtm , 82, 941 (1963) 

•‘4 Welter, Steffen, and Heyna, CAem. Ser., M. 2462 (1961). 
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Thus vrith ac^3tic anh 3 '(lride and aqueous sodium hydroxide the chloral- 
amides 104 give mainly the symmetrical ethers 105. The unmethylated 
analogs 106, on the other hand, yield the corresponding acetates 107 as 

the major products 220 


2a -p <CT/;0),0 


^^CONHCHOHCag ^'1- ^'aOH ^ 

k^^COXHCHCClg 

104 

105 1 


Cl (C1GC0)/J J^^PCOCH, 

>:^^C0NHC’H0HCC]3 a<i. XaOH W^^^CONHCHCOCOCHglCCls 

ha've been made by aeidolj’sis of the corresponding 
A-a-chloroalk}-lamides.®^'2ii 


RCONHCHCIR' or 

C,II,COjlI 


RCONHCH(OCOR')R' 

(E'=Cirj.CeH,) 


N N'-Methylenebis-amides and -imides. X,X'.Methy]enebisbenz- 
amide nas first prepared m 1876 by the action of methylal on benzonitriJe 
m the presence of concentrated sulfuric acid Later this so-called 


CVHjCN -j- CHjfOCHs)^ 


Coned. 

{CVH^COXHj^CH^ 


Hip pa raffin’’ was obtained 
formalin in acid Kolution.^*^ 
general utiliU% having been 


more readiK* ly heating benzamidc v'ith 
Since then this method has become one of 
applied to manj' simple amides, some X- 




2CjH 5CONH3 CHjO — — v (C^HjCONHl/JH, 
monosubstituted amidas,^^-^*-^ acyclic-«.^«.=^^«i and cvclici'^-«2 carbamvl 


aiSTr sulfonamides Although mineral 

emnlowdr as the catalyst, other conditions successfully 

components alone or in acetic anhy- 
cn warming in the presence of weak 


dride or glacial acetic acid, or eve 
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aqueous base (dilute potassium carbonate solution). The ubiquity of this 
reaction is readily understood from the fact that N,N'-niethylenebisamide 3 
usually represent the end products (and most stable ones) derived from 
the reaction of amides with formaldehyde in acid media. Thus N,N'- 
mcthylenebisamidcs are obtainable by acid treatment of both N-methylol- 
nmidcs and symmetrical ethers as uell as of unsymmetrical ethers and 
esters of N-methylolamid^s. 


(RCOXH)i,CHj 


Rco.vncjijOii 


(RCOXHCHjIjbO 


An interesting specificity in catalytic requirement for one of these 
reactions has been observed recently Heating N-methylol-2,3- 
dibromoisobutyrnmide with aqueous hydrobromic or sulfuric acid gave 
the corresponding bisamide, hut identical treatment with aqueous hydro- 
chloric acid did not. Furthermore, the same transformation could be 
elTectod in the presence of bromine but not with iodine 


SCHjBtClCHjlBrCOXHCIIjOH ■ > ■ [CHjBrCiCHjlBrCOXHljCHi 

Perhaps the most general method and the one giving the best yields 
involves treatment of an amide « ith an X-methylolamide in acid solution. 
It has the added advantage of flexibility in that unsyTumetrical bisamides 
arc obtainable in this way’ These unsymmetrical derivatives can be 

RCOXHj + R'COXHCHjOH > BCOXHCII^XHCOK' 

prepared also by treatment of nitriles with X-methydolamides in strong 
sulfuric acid. Thus acetonitrile and N-methylolphthalimide in concen- 
trated sulfuric acid give N-acetylaminoraethylphthalimide in 93% yield.®* 

-)■ CJJjCX 

Under these conditions nitriles react more readily with N-methylolamides 
than they do with formaldehyde. A study designed to test thisgeneraliza- 
tion showed that in a formic-sulfunc acid solution at 30° a mixture of 


' FeuM miij IWlo,.;. Aw. CA»m. 5or., 78, 4367 (1950), 
*i 7 «i Lynth, J, Am. Ch«m Sot., 75, 502" (195S) 
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jJ-chlorobenzonitrile, fonnaldeh5’’de, and Iv-methylolbenzamide gave 
almost exclusively the unsjunmetrical bisamide (reaction a).^ 


p-CICjHjCOXHCHjXHCOCjHj 


CjHsCOXHCHjOH 

Z 

(a) 


CH,0 

jj-CICeHiCX ^ (3>-CTC6H4C0XH)2CH2 

(^) 


A fev* special methods have been employed for making certain methyl- 
enebis-amides and -imides. N,K'-Methylenebisphthalimide has been 
prepared by treating potassium phthalimide vith methylene iodide^® or, 
preferably (48% yield), with the methiodide of ^-dimethylaminomethyl- 
phthalimde.81 Similarly, chloromethylamidesi'S-iM and aminomethyl- 
amides- * have been used to amidomethylate imides and sulfonamides 


o-CgH^lCOljNK o-C6H^(CO)2XCH2^'(CH3)3ie [o-CeH^(CO),X!2CH2 

or their alkali metal salts. 

A recentlj reported method for preparing X,X^-meth3denebisurethans 
appears to be general.^® An example is the reaction of methylal vith 
methjd isocyanate to give dimethyl X,N'-dimethyl- 
1 ,i -methylenebiscarbamate. Thioformals react analogously to give 

CHjlOCHa), i 2CH3XCO -> CH,[X(CH3)C02CH3], 

mcthj lenebisthiocarbamates. By another apparentlv general process, 
unsj-mmetrical combinations of amides vith urethan have been obtained 
rough the Curtius reaction of X-acylglycylhj-drazides.JS'-^sa 

CH2ClCO>rHCH2COXHXEU j 

[CH2CICOXHCH2COX3] ^ CHjClCOXHCHo^THCOoCjHs 

n 11%, acct%lation of the Mannich-type products derived from some 
n ines an an oxazolidinethione has given several uns%'mmetrical 

hlRAmirioc 200 ^ 




XCHjXtArjCOCHj 
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N,N'-iIethy]enebisarDides generally are stable cr 3 ’stal]iiie solids. N,N'- 
Methylenebisbenzamide can be sublimed,^^® and N,N'-inethylenebi 3 - 
pbenylacetamide can be distilled.*®* Compounds of this tj-pe usually are 
stable in liV^ sodium hj-droxide at 90°,^* but treatment with hot dilute 
mineral acid reconverts them to the corresponding amides. As expected, 
hot concentrated acid or hot alcoholic alkali hydrolyzes them to the 
carboxylic acids. Of some interest is the report that methylene- 
diamine can be prepared in solution by hydrol^-sis of N,N'-methylenebi 3 - 
formamide with cold concentrated mineral acid.*®* Einhom had previ- 
ously’ reported similar results from the alkaline hydrolysis of N,N'- 
methylenebistrichloroacetamide *®®-*®* 

H® OH® 

CHj{NHCHO) 2 ► [CHjiXHalj] -< CHjfXHCOCCIalj 

Treatment of methylenebisurea with dilute hydrochloric acid leads to 
polymeric products of the ty^pe H 2 NCONH(CH 2 NHGOXH)„H.**»-*«* 
N,N'-AIkylIdene- and -Arylldene-bisamides. The first example 
of this tj’pe, diethyl N.N'-dichlQroethylidenebiscarbamate, was prepared 
in 1840 by the action of chlorine on an ethanolic solution of hydrocyanic 
acid.*®® Its structure, however, was not determined until thirty years 

Cl, -h CjHsOH + HCX (C2H50G0XH)5,CHCHC1 j 

-H.O I 

CHajCHQ + 2 HjXCOjC,H5 ' 


later, when it was obtained by the reaction of dichloroacctaldehyde with 
urethan,*** *®^ The latter method has been the basis for the preparation 
of several hundred compounds of this class. Synthetic variations include 
heating the components together without solvent,*®®"*™ in ethanol,*”-*** 


Hcpp. Brr., 10, 1619 (1877). 

•*• Knudsen. Ser., 47, 2698 (1914). 

”» Einhom. Ann.. 343. 207 (1903). 

Eiiiliora and .1/aaermajvr, 

*** StAudingor and Wa^er, .VaZfwnol. C^ettt , 12. 168 (1954) [C* -4,, 49, 12302 (1955)]. 
Stenhouao. Ann , S3, 92 (1840) 

Biaohoff, Btr., S, 80 (1872). 

«»• Bojanovii?, Vandiel, Mihailovii}, and Stsfanovii. B^r. Chem. (7« Bdfradt, 20, 267 
<1955) (CAm.. Zenir.. 1957, 6712). 

*** tttj'erahand Pandja, Proc. Indtan Acad Sn , ISA, 258 (1942) IC.A , 37, 2725 (1943)]. 
Schiff. Ann.. 148. 330 (1868). 

*’• Xigam and Fandya, Fnt, Indian Atad. Sn , 29A, 56 (1949) [C.A., 43, 6182 (1949)]. 

*»• SohifT, Ann., 151, 186 (1869). 
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water, 123.272 pjTidine, 2^276 aqueous aeid,ii3.277.278 gjacjal acetic acid,i«'2« 
or acetic aiihydride.23o-2S2 ipj^g method appears to be the most 
generally useful. However, condensation in refluxing benzene with 
azeotropic removal of water has also met with moderate success.262 
ilost of the commonly availahle primary' amides and carbamyl com- 
pounds have been utflized in reactions with aldehvdes. Even a few 2v- 
monosubstituted amides have been included.270.27G ' heating benzalde- 
hyde and 2-furaldehyde with mixtures of two different amides, mixed 
A, A -benzyhdene- and N,X'-faryhdene-bisamides have been obtained in 
pelds ranging from 25 to 42 %.^^ 

ArCHO RCONH2 -b R'CONHj RCONHCH(At)NIICOR' 

Diamides with suitably positioned functional groups yield cyclic bis- 
amides. Oxamide and malonamide derivatives lead to dflietotetrahydro- 
imidazoles- = and diketohexahydropyrimidines,2ss respectively. 

(CONHjlj -f CgHjCHO -> CONH 

i \ 

! CHC,H- 

1 / 

CONH 

CONTI 

(C,Hs),C(CONH,), ^ CeH.CHO 


CONH 
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aldehydes. One reason is the occurrence of a side reaction in which 
tetra-substituted pyrazines are formed.*”**®’ 


•lArCHO + 2HCONHg 



Phthalimide does not react with benzaldehyde even in the presence of 
acetic anhydride.®® This behavior is consistent with the fact that 
hydantoins undergo acid-catalyzed condensation with acetals (and with 
formaldehj'de’®* *®* *®®'*®*) preferentially at the amide nitrogen atom.*“ 


CHjsClCHtOCjHjij 


COXH 

I 

I / 

CHjN— 


In interesting contrast is the demonstration that in neutral solution 
formaldehyde reacts at the imide nitrogen atom to give the 3 -meth 3 ’lol 
derivative.*®’ This alteration in reaction course is consistent with the 


COXH CONCHjOH 

I ^CO + CH.O ^ i ^CO 

I / I / 

R,C— NH RjC— NH 

idea that the acid-catalj*zed process involves attack at the more nucleo- 
philic (amide) nitrogen atom by a pvotonated aldehyde species,*®® while 
the reaction in neutral solution occurs through attack of the neutral 
ftidehj’de by the anion derived from the more acidic (imide) nitrogen atom 
Sulfonamides, likewise, do not react readily with aldehydes to give 
bisamides. Ethj'lidenebis-(p-toluenesu]fonamide), however, has been 
obtained (11% J'ield) from the acid -catalyzed reaction of p-toluene- 
sulfommide with phenyl vinyl ether.*** This appears to be a general 
method for preparing the corresponding biscarboxamides as well.®** *** 

H© 

2 p-CHjC.HiSOgNHg + CH2=CHOCgHj 1. 

(p-CH3CgH4SOjNH)jC:HCH3 + C.HjOH 

Simple ketones, unlike aldehj’des, do not react with amides. Perfluori- 
nated ketones, however, might be expected to behave like aldehydes and 

*” BuW, B<r., 26, IBIZ (1893). 

Rogers, U S. pat. 2.404,098 [C A., 40, 6096 (194G)] 

••• W'alker. US. pat. 2,417,999 [C.a., 41, 4511 (1947)] 

••• Johnson and Crosby, J. Otg. Chtm., 27, 2077 (1902). 
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give bisamides, provided that the reaction does not stop at the a-alkylol 
stage, as it usually does with perhalogenated aldehydes, i .e . , chloral . This 
gains support from the fact that both pyruvic acid^®^ and 
benzoylformic acid^®^ give bisamides with acetamide. The pyruvic acid 

TTpo ^ 

RCOCOgH + CH 3 CONH 2 (CH3C0NH)2C(R)C02H 

--^20 

derivative loses one acetamide residue in hot glacial acetic acid, and 
a-acetamidoacrylic acid is formed. ^92-294 

(CH3C0NH)2C{CH3)C02H > 

CH3C0NHC(C02H)=CH2 + CH3CONH2 

If proper conditions are employed, even chloral and its analogs yield 
bisamides rather than the usual a-alkylol compounds. The conditions 
include the use of concentrated sulfuric acid as the condensing agent either 
with a nitrile^’^^'261.295 qj. amide.^^s However, a possible side 

CCI 3 CHO + 2RCN + HgO (RCONH) 2 CHCCl 3 

H2S0^ 

reaction in this and similar condensations of aromatic aldehydes with 
carboxamides and sulfonamides must be anticipated. When a Lrcwis acid 
is used as a catalyst in the condensation of a sulfonamide with an aromatic 
aldehyde, an arylidencmonoamide (or sulfonylimine) is produced.^®® 

RSO.NHj + ArCHO > RS 02 N=CHAr 

ZnCIj ^ 

Of some interest is the observation that the three hydroxybenzaldehydes 
react with amides to give the acylimines, ArCH=NC0R, under the same 
conditions that lead to bisamides, ArCH{NHCOR) 2 , from the corresponding 
methoxybenzaldehydes 286a.297-299 similarly, 5-chloro- and 3 , 5 -dichloro- 
salicylaldchyde, when heated with heptanamide, benzamide, or benzene- 
sulfonamide, give only the acj’limine (or sulfonylimine) derivatives even 
though no IjOwis acid is present. -'r However, these are exceptional cases. 

*** norpmnnn nncl Crnfe, Z. Physiol. Chnn., 187, 1S7 (1930). 

Shr^min Mu\ H««rbst, J. Am. Chrm. Soc., 60, 19.74 {1938). 

/tnn., 509, 153 (1950). 

WH'tftnd. Ohnnrbrr. tint! Chrm. Per., 90. 194 (1957). 

' //rr., 6. 109 (1H73). 

**• Untt and Woodrock, J, Chrm. Sor.^ 1948, 23122. 

PrtK. Indian Acad.. Sri., lOA, 28.5 ( 1939) fC.-4 34. 1981 (1940)]. 

I'ftndyn, Prx>r. Indian Arnd..Sci., lOA, 282 (1939) [C.A., 34. 1980 (1940)1. 

u» l*rtnt!yn, JVtv. Indian Arad.Sci., lOA. 279 (1939) 34. 19S0 (1940)]. 

1 andya and Sodbi, Prx^. Indian Arad.Pri., 7A, 30 1 (1938) [C.A.. 32. 7434 (1938)). 
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As a rule, alkylidene- and arylidene-bisamides resemble the methylenebis- 
amides in their high thermal stability and in their behavior toward acids 
and bases. 

N- Amino methylamides and Their Quaternary Salts. The 
voluminous literature dealing with N-aminomethylamides has been 
reviewed recently Uo purpose would be served by repeating this 
information here. It should suffice to note that three related methods 
have been used to synthesize these compounds ; a Mannieh-type reaction 
of amides with formaldehyde and reaction of amines 

with N-methj’Iolamides,”'*®'^^ and reaction of amides with N-methylol- 
amines or NiN'-methylenediamines.®®^ The first method is, by far, the 


RCONHj CHjO + BjNHT 
RCONHCHjOH + R^NH 
RCONHj + HOCHjNR' 


BCONHCHjNR; 


most convenient and, consequently, the most commonly used. 

Three 157)68 of quaternary salts of N-aminomethylamides are known. 
The first is prepared by alkjdation of the tertiary amine with methyl or 
ethyl iodide. The second is obtained by treating pyridine 

© , © 

RCONHCHjNR; + R'I BCONHCHjNRjR'I 

with an N-chloromethylamide (pure®® or prepared in or by 

reaction of pjTidine hj’drochloride jn pyridine either with a preformed 
N-methyloIamide‘*’'^^®'*“ or with an amide and formaldehyde.*®®-^ 


RCONHCHiCl 


RCOXHCH.OH + 


RCONHg + CHjO + 


. RCONHCHgN^^ y Cl© 


H Cl© 

Bohme, Dietz, and Leidreiter, Arcfi, Phamt , 287. 198 (1954). 

•' Emhorn, Oer, pat. 284,440 (CJiem ZtniT,, 1915, II, 108). 

•’ Feldman and Wagner, J. Org Chem , 7, 31 (1942). 

•> Weaver. Simons, and Baldwin, J. Am. CAem. Sot.. 88, 222 (1944). 

Hrllraann and Loschmaon, Chem Ser , 87, 1684 (1934). 

•» Hunt and Bradley, U.S. pat. 2,493,068 [0 A , 44, 3041 (1950)). 
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The third results when an aminomethylamide is heated with an acid 
halide. 

e 

RCONHCH2XR2 4- R"COX (RC0NHCH2)XR2X© 4- R'CCNRo 

N-Acyl- and N-Sulfonyl-imines. Consideration of compounds of 
this type will be restricted to derivatives of aldehydes and ketones lacking 
an a-hydrogen atom. 'RTien an a-hydrogen atom is present, tautomer- 
ization to the corresponding enamide becomes possible (see pp. 115-116). 

As stated previously, reactions of amides "with aromatic aldehydes 
generallj^ lead to N,N^-arylidenebisamides. A number of hydroxybenzal- 
dehyde derivatives are exceptions to this rule and give acylimmes 
instead These have been noted on p. 110. 

Several other amide-aldehyde combinations also react anomalously. 
These are chloroacetamide with chloral and bromal,^" urethan with 
glyoxal,^®® and thiourea with chloral. For the last combination, reaction 
occurs normally at one nitrogen atom to give the chloralurea derivative, 
but abnormally at the other to give the acylimine structure. 

CILClCOXHj -f CX3CHO > CH2C1C0X==CHCX3 

TT 3 

C2H5OCONH0 4- (CH0)2 (C2H50C0N==CH)2 

N=CHCa3 

CS(NH,), -f 2CCI3CHO 

\ 

NHCHOHCC13 

Bis-trichloroethylideneurea has been prepared bv the elimination of 
« moles of acetic acid from the diacetate of chloralurea.^^ 

CO[NHCH(OCOCH3)CCy, ^ CO(N=CHCCl3)2'Ha 

Although sulfonamides react with chloral to give the corresponding 
X-a-alkylolamidcs, they condense vith aromatic aldehydes to the X- 
sulfonylimines.^^^ Zinc chloride is used as a catalyst. Interestingly, 
siilfoin limines arc also obtained from the reaction of 2-furamide with 
arcnesulfonyl chlorides in p\Tidine solution.^^^ 


RSOjNH, .f .ArCHO RSO.N==CHAr 
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N-Acj'l derivatives of aromatic ketimines can be prepared by acylation 
of the isolated imine It is usually more convenient, howeA'er, to 
acylate the intermediate halomagnesium derivative obtained by the action 
of an aromatic Grignard reagent on an aromatic nitrile.^® ”®-®** 

RCOCl + ArjC=NH RCON=CArj 

ArCN + Ar'MgX ► rAr(Ar')C==NMgX] RCON=C(Ar)Ar' 

Amldomethanesulfonic Acids and Their Sodium Salts. Few 
compounds of this tj^pe have been reported since Knoevenagel and Lebach 
first made them in 1904 by heating carboxamides or sulfonamides with 
aqueous sodium formaldehyde bisulfite under pressure.^®® The only 

RSOjNH, + HOCH.OSOjNa RSOjNHCH.SOaNa 

sulfonic oci’d of this class ^vas prepared bj' the reaction of N-bromomethyl- 
phthalimide with aqueous sodium sulfite 

o-C,H^(CO)jNCHjBr + Na^SOj o-CgH^lCOljNCHjjSOjH 

Related Compounds of Potential Utility as Electrophilic Reagents 

Many compounds not yet employed as a-amidoalkylating agents bear a 
sufficient structural resemblance to those that have been so employed to 
that the former might react analogously to the latter under suitable 
conditions. In the compilation that follows, an attempt has been made, 
mainly on the basis of structural analogy, to place the more likely can- 
didates ahead of the less likely ones. For this reason the cyclic analogs, 
which might be expected to be most stable and least reactive, have been 
placed last. 

Amldomethyl Thio Ethers and Thiol Esters. A. From N-Methylol- 
amides and Mercaptans^-^^^ or Thwurea.^^^ 

RCONHCHgOH + R'SH RCONHCHjSR' 

RCONHCHjOH -f- CS(NHj.)j RCONHCHs5SC(=NH)NHj, HCl 

Balaban,./. CAem, Soe., 1980, 669 

Benaon and Cairna, J.Jm Chtm. -Soe , 70. 2115 (19-18). 

Monti and Pranchi, Gazz. Chm. IU>1„ 85, 510 (1955) [C d.. 60, 4052 (1956)] 

*'* Albrecht, Frei, and Sallmann, Iltln Chim, 24, 233E (1941) 

’**Soci#te pour rinduatrie Chimique A Bile, Fr. pat. 849,147 [C A , 35, 6357 (1941)]. 
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B. From N-HalomethyUamides^^o-'^^^-^ii or -imides^^°-^^ and Mer- 
captand^‘^^ or Thiourea.^^-^^'^ 


o-C 6H4(CO)2NCH2X -f RSH - ■ > o.C6H4(CO)2NCH2SR 

RCONHCHjCl -f- CS(NH2)2 RCONHCH2SC(=NH)NH2-HCl 

C. From N-Halomethyl-amides^^^ or -mwf&sSAM.siG.sn Carbamyl 
Compoundd^'^-^-^ and AUmU Metal Mercaptides,'^'^-^ Thio- 
cyanates, Xanthates,^^' Dithiocarbamates,^^’’ or Dithiophosphatea?^^ 



^NCH2C1 

RSNa^°^> 

NCHjCT 

«''CfH4(CO)2NCH2X -f MSY -> o-C6H4(CO)2XCH2SY 
tX-CI.Br; M=Xa, Y=CX, — C(=S)OE, — C(=S)XEj.— P(=S)(OB)j] 

D. From Dialltylaminomdhylamides and MercaptansM^ 


RCONHCH 2 NR; 


R'SH _5ziir= 

XaOH 

CHj.CjHj; R — alk>i, arji) 


RCOXHCH.SR" 




(H 


E. From Amides, Aldehydes, and Thiolacetic Acid?^^ 


RCONH 2 . ArCHO -f CH 3 COSH — >. RCONHCH{Ar)SCOCH 3 
{E-CH,.CjUjO: Ar=aoI) 

F. From Formamide and an Aminomethyl Sulfide."^^ 


HCONH. + (C2Hj)2NCH2SCeH4CH3.p , 

HCONHCH 2 SC 5 H 4 CH 3 .P 4 . (C 2 H 5 ) 2 NH 
6. From Methyl Isoryannie and Thiojormals 


20113X00 4 CH.!S04H,.n)3 


’i-CjHjSCON^CHalCHjSOjH,-;! 
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A. By Reduction of Chloral- or Bromal-amidesP’^^~'’^^^ 

Zn 


RCONHCHOHCX. 


> RCONHCH=CXp 


3 CH3CO2H 
(R=alkyi, aryl; X = CI, Br) 

B, By Dehydration of Dihaloacetalamides 

ArCONHCHOHCHCL, ArCO-STHCH^CCla 

■ or (CHjCOjjO— HjSOi 

^>"0^ Amides and v.-Keto or Diarylacetaldehydes.^^^’‘ 

RCONH2 + E2CHCOCO2H ^ 


■rconhc(oh)(chr;)co,h-i 


(-HjO) or 
(-ECOXH2) 


> RC0NHC(C02H)=CR2 


(RC0NH)2C(CHR')C02H 

{K=alkyl. aryl, B' = H, alk>i, arji) 

RCONHR' + Ar2CHCHO -> RCOR’{R')CH=CAr2 

(R^alkyl, arj'l, alkoxy, amino; R' = H. CH3: Ar=arji) 

D, From the Methyl Ester of N ,0-Diformyl-'D'L-serine?'^ 

HC0NHCH(C02CH3)CH20CH0 HCO>rHC(C02CH3)=CH2 

E. By Vinylalionof Amide.s?'^^ 

RCOK^HR' -f HC=CH 


Ifeat, pressure 


> RC0X(R')CH=CH2 


F. By Vinylalion of ImidesP^ 

X(C0)2XH h- CH^CHOR 


— X(CO),NCH=CH, 

Acid 


[XCCOljXlI ^sucdnimidc, phthalirnidel 

0. From Hydantoins and Aldehydes^-' 

COXH 


I 


\ 


1 / 

CH,XH 


CX 4 - RCHO ^’^AO.h or 


COXH 

i \ 


Pyridine.(C,Hj),N*H 
CX^-0, S; R ^ ar> J, alkyl) 


CX 


! / 

RCH=C— XH 



{ceSijlcns uTul Kchl<nc>^’^* 
AcityUnc and Carbon .Monoxide 



= a) 


©« . 

'CUOHOHXOOH) ^ *(HOHOHXOOa) ^ *(OHO) + *HKO0H5 


f^.^^^-93)tmvqjD0 uo sapxrny pwo ivxo/iio mosj -p 

•sjonpojd paAfjaa P«e ‘scajn puc ‘sajEuieqaeo ‘sapfuiy loaXjjj 


(’h’jhsoo ’h’ooo '*nD=H 
O0(*H0)X 


00{*HO)X 


hoho(*ho)n 


^ ©K '"Z 


00{‘=H0)X 


\ 

oo 

/ 


HOHOHX H*00(HO)OHX 

sze'PPK 

•vjvdifiiitdutt(i-2;\ pMO ppY ;iiuvxoiiy utouf ^wjuvpfiiifixojpfifj.g -g- 


*aNOO(HO)OHN 

iiK*a| 

OOHX 


noa I 
OOHX 


OOHX 
/ \ 
'0^ OD 

\ / 

OOHX 


H^OO(HO)OHX 

W PPV omvxojjy -y -suTOjuBpXq^xwp^^ 

Koauvo iv sxoixvx\5nvoaiKV'» 
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-iiffoTOn I>envalivfa from 


NHCO 

/ \ 
CO C( 

\ / 
NHCO 


I. Aq.NiOH / 
— -■--- — ► CO 


XHC(OH)COjH 


NHCO 

|«ou 

NHC(OH)CO,R 


NHCO 

jR»MI 

NHC(OH)CONR, 


B. ^'Hydroxyhydantoins from AUoxanic Acid and \,Z~DimcthyipaTi 
^nic Acid.^'> 


/ 


NHC(OH)CO,H 


/ 


^’(CIr,)co 


Sn. II© / 


N(CH,)CHOH 


^’(CHjlCO 


N{CH,)CHOR 


N(CH,)CO 


N(CH,)CO 

(K -rii,, roc,!t, co.Mir,M,» 


Glycol Amides, Carbamates, and Ureas, and Derived Products, 

• From Glyoxal and A tn ides or Carbamales 


2RCONH, (CHO), (RCONHCHOH), {RCONUCHOR'I, 

<R • allirt. tUnsyl) 

A»i. C*rm. 5 <k . 77. 4S»4 (ISM). 

^ I«.lU Md KoWI. Btr.. M, 180 ; IJilt* *M H^Hjrvh. tW„ M, Ilf* 

**^»che Anibn kml Sola-Kal>nk A.-O.. Fr. p*t. 
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B. From Glyoxal and DiamidesP^ 


COR 


NHCOR ^ — CHOH 

(CH2)„ + (CH0)2 (CH2)„ 

\ \ 

XHCOB K— CHOH 

COB 

(n^l, 2; K=H, CH 3 ) 


0. From Glyoxal and 


N(R)CHOH 


C0(NHR)2 


H2O / 

(CH0)2 CO 


N(R)CHOH 

(K=H, CHs.CHjOH) 


CO 

H© 


N(R)CHOR' 


N(R)CHOR' 


D, From Biketosuccinic Esters and UreaP^ 


NHC{OH)COiR 

CHaCO.H / 

CO(NH,)j (COCO^R)! ^ CO 

NHC(OH)CO,R 


NHC(OR)COjR 
/ ! 


CO 


\ ; 

NHC{OR)COjR 



CH3COC1 


NHC( 0 C 0 CH 3 )C 0 jR 



/ 

CO 

\ 


NHC{0H)C0NH2 


XHC{OCOCH,)COjR NHC(OH)CONHj 

(R-CHj.CjHj) 


VrU, Momn, Moore, and Kullman,*/. Org. Chem,, 27, 2071 (19C2). 

llRdlThr* Anilin and Swla-Fabrik A.-G., Brit. pat. 720.3SC [C.A.. 49, 9326 (1955)]. 

IVibniU. r.S. pat, 2,731,472 [C,.*4.. 50, 13999 (1956)]. 

f?W-nk, Mapr^. and Wotiz, J. Org, Chem., 27, 2181 (1962). 

Vail. Murpby, Friek, and Reid. Am. Dge.^1uff lUptr.. 50. 27 (1961) [C.A.. 55, 19254 
(1961)]. 

G'“i(M*nheirn#'r ami An^-chulz, .4nn., 206, 3S (1699). 
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E. From i,5~Diaryl-2~imidazolontsP‘'^~^*^ 



Cyclic Esters and Carbamates of N-a-AlkyloIamides. A . N-Acyl- 
and N-arenesv.lfonyl-5-oxazolidinones.^~'^'^ 


R(X)NHGH(R'JC02H + CHgO 


(R=alk>I, aryl. R'=H, alkyl, X = CO. 



B. 2-TrichloTomtthyl-i,5-oxazolidinedione. 

C,H,OCOCONHCHOHCC1, ^ NHCHCCl, 

2. H© [ \ 

O 

1 / 

COCO 

Ser.,41, 167, 1734, 1761 (1908) 

>« Blit*, ^ni. . 368, 262 (1909). 

**• Blitz and Bahrena, B<r., 43, 1990 (1910). 

Blitz and Koaagarten, Ann , 868. 219, 228, 236 (1909). 

»« Blitz and Krebs, Ann . 368, 218 (1909). 

Blitz and Rimpel, .4n» , 368. 173, 201, 206 (1909) 

Dunnavant. J. Org Chtm , 21, 1513 (1956). 

>“ Ben-lshai. J, Am. Chem. Sot., 79, 5736 (1957). 

”* Cbemiache Fabnk auf Aktien. Oer. pat. 148,669 (Ctitm. Zentr., 1904, 1, 411). 

Chemiacha Fabnk auf AWtien, Cer pat 153,860 iChem. Zentr,, 1904, II. 676)- 
**» Jlicheel and Thomas, Chem. Ber , 60. 2906 (1957). 
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C. €-Phthali7nido-€-caproladone,^ 


O 


.0. 


o.C 6 H 4 (CO) 2 ^'’f""^^ CF 3 CO 3 H o-C 6 H 4 (CO) 2 N|^ 

CH2C12 ^ \ / 

(43%) 


D. Ij3,5^0xadiazin€-2,4t-diones.'^ 


NHCBR' 

HgO / \ 

OCNC{OH)RIl' ^ OC O 

\ / 

ISTHCO 

(R = R' == CF 3 or CF 2 CI and R = H, R' = CCla) 


Cyclic Ethers and Thio Ethers of N-a-Alkylolamides. A. 4-Oxa- 
zolidinones and 4‘Thiazolidtnones.^^~^^ 


CONH R' 

\/ 

C 


RCH(XH)C0NH2 -f R'COR" 


H© 


(-H.O) 

(R, R\ R" = H. CHj, C^Hj; :X =0. S) 


> RCHX 


R" 


B. N-SulfonyloxazoUdiTies,^^ 


RSOjNHCHoCHiROOK -h R"CHO 






^ RSO,N- 


-CH^ 


RXH CHR' 

\ / 

O 


<R. R*«1I, riljOH; R-«alkyl, ao'l) 


SmU’^man and Bcrg^'n, Org. Chtm., 27* 23 1 G (1062). 

**• Ram-v^y, and Stove*,*/. Chrm. Soc., 1949* 2633. 

Kwch«*r, Dancsrhftt* and Stettiner* Jirr., 65, 1032 (1032). 
Mirhtifd and JranpK'tre*. Brr., 25, 1G78 (1802). 
TUd5,\;.S, pM. 2.-22,531 50. 3503 (1050)}. 
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C. X-{2-Tttmhi/dropijran\jl)afntde3?^-^ 

R(X)XH, + 

{R -ilkjrl. »ryl; X -CO. SO,) 

-hO -*-o.sO 


D. N-l2.2^Dihydropi/ranyl-{2)].carb(imaleJS and -rarbamides.^ 



E. Urons.^^ 


(R-O-ilkjl. XlI>a]k}I. K'-If CH,) 


CIIjOCIIjNCH, 

/ \ 


\ / 

CII,OCH,NCH, 


l. iI,0(R = H) 

2. II,.NI(R = CII,) 


N(R)CHj 

/ \ 

oc o 

\ / 

N(R}CH, 


F. DiacylMrahydro - 1 ,'i,B-oxadiazines ^ 

RCONCH, 

II® HO- / \ 

{RCONH)iCH, + 2CH,0 ■ ^ CH, O 

RCONCH, 

(R = ilkyl) 


*“ GIac«t wid Troude, Compt. nnd., £53. 881 (1961). 

”♦ Glscet »nd OverWke, Compt Rmd , 255, 316 (1962). 

Speziale, RatU, and Jlarco, J Org Chtm>, 26, 4311 (1961). 

**• Schulz and Hartmann, Cktm. Btr., 95, S735 (1962). 

*** Etcachem, Oppclt, Cowcn, Schjckcdantz, and Maier, J* Or^. CAcm., 2S, 1876 (1963) 
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CHOICE OP EXPERIMENTAL CONDITIONS 

It is difiicuU to make generalizations about optimum conditions for 
carrying out the numerous reactions included in this review. Impressions 
in this regard arc best derived from the specific discussions of the fore- 
going section. A few general remarks can be made at this point, however. 

Choice of Reactants 

If the end product sought from an amidoalkylation reaction is the amine, 
an amidoalkylation reagent with an easily removable acyl group is to be 
preferred. This is especially important when the reaction product may 
not resist treatment with the strong acid or base often necessary for acyl 
cleavage. Thus the phthalimido group of p-phthalimidomethylphenol 
could not be removed, cither by the hydrazine method or hy hydrolytic 
means’* without destroying the molecule. Similarly no way was found 
to hydrclj-ze derivatives of the tj'pe ArCH(C(H5)NHC0R (Ar = hydroxy- 
aryl; R = CHj or CjHj) to the corresponding amines,” Consistent with 
these results is the observation that the ease of acid hydrolysis of amides 
of the tj'pe ArCHjNHCOR (Ar = hydroxj’arj’l) decreased in the order 
R = H, CjHj, CHj, CjHj, and that the formamide derivative was espec- 
ially easily hydrclj-zed.’* 

To obtain the best yield of monosubstitution product from a relatively 
reactive substrate it is often desirable to select an amidoalkyjating agent 
of minimal reactivity. Excessive reactivity generally leads to poly- 
substitution and consequent reduction in yield of the desired product. 

When attempts were made to amidomethylate relatively unreactive 
substrates with N-methylolamides under acid-catalj”zed conditions, 
methylenebisamides, (RCONHljCHj, w’ere often encountered as by- 
products,*®'*^ and sometimes as the only products. (N-MethyJolbenz- 
amide is especially prone to disproportionate in this w^ay.) This result is 
an indication that the use of a more electrophilic reagent, e.g., N- 
methylolphthalimide, may be in order or that more strongly acidic 
conditions might be employed to force the reaction in the desired direction. 

Choice of Conditions 

In most reactions, monosubstitution is favored by increasing the ratio 
of suhtrate to reagent. In a few favorable instances either mono- or 
di-substitution can be effected at will, each to the virtual exclusion of the 
other, merely bj’ using the reactants in the proper stoichiometric ratio. 
Thus equivalent quantities of p-tolu)dine and N-methylolphthalimide in 
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concentrated sulfuric acid gave the monosubstitution product 108 in 81 % 
yield, whereas two equivalents of the phthalimide reagent gave the 


NH, 





CH. 


CWCO)2CeH,.o «-C6H,(CO)2NCH^l^CH2N(CO)2CeH,-o 


108 


CH» 

109 


‘‘ EvenTh"* «”'> eonditiom.^ 

FoT exall r “ ““ ™™'‘ *<> ‘l>e yield. 

chloroacetam'iH"' o cWorobenaoic acid avith N-methylol- 

^ucTto Xt TJ'V ” obtained wa. 

% vhen the quantity of sulfuric acid was halved .5^ The 


ClCHjCONHCH. 


2 

110 



|C1 

COgH 


b^tTshouM wf 1 yield has not been established, 

should be regarded as a potentially important variable. 


experimental procedures 

a-Amidoalkylation of Aromatic Carbon Atoms 

phenS an^NX'e^thyfoTnht^r”^^^^ 2,4-Dinitro- 

mi.vturcof9rro oSm1^i Oleum.^^ An intimate 

Nbm.thyMph.bili™ *"“ ? g- (0 0=1 mole) of 

acid cooled in ice AftB,- +r. • “ S- of o ^ fuming sulfuric 

10 minutes with occa-?: i T- stood at room temperature for 

for 40 minutes on the steam batlf ’ ' Thr'^’^Td 

poured in a thin stream into 200 ml f reaction mixture is then 

resulting mi.xture is boiled for 1 9 ° ''’porously stirred ethanol, and the 
precipiute is colleld and 

noetic acid to give 16.8 g. (n.nyt or glacial 

m.p. 210-211®. * ' ^ ^'^0’^*^cth\'lphtha]imidc, 

ccntrated Sulfuric Acid « t . Con- 

2-chlorohen7.oic acid and 700 ml T*" '~V'^ rnola^) of 

/OO ml. of concentrated .sulfuric acid is stirred 
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and cooled to 20®. Powdered N-methylolchloroacetamide (202 g., 
1.8 moles) is added over a 30-minute period while the temperature is 
maintained at 20°. The reaction mixture is stirred overnight, and the 
solution is poured over ice and allowed to stand for 2 days. The solid is 
collected, w’ashed with water, dried, and triturated with diethyl ether. 
The solid (m.p. 126-135°) is again recrystallized from ethanol to give 
300 g. (65%) of 2-chloro-5-(chIoroacetylaminomethyl)benzoic acid, m.p. 
144-146°. Recrystalhzation from dioxane and then from diraethyl- 
formamide raises the melting point to 147-148°. 

N-Benzyl-N-methylacetamide from Benzene and N-Methyl-N- 
methylolacetamlde with Boron Trifluoride.^^ Through a stirred 
suspension of 20.6 g. (0.2 mole) of N-methyl-N-methylolacetaraide in 
100 ml. of dry benzene is passed a slow stream of boron trifluoride while 
the temperature is maintained at 60° by means of a cold water bath. 
When the mixture is saturated and no more heat is evolved, it is cooled 
in an ice bath, then poured into ice water and separated. The aqueous 
phase is extracted with diethyl ether, and the combined benzene and 
ether layers arc dried over anhydrous sodium sulfate. Filtration and 
concentration of the filtrate leaves an oil which is fractionally distilled 
to give 22.0 g. (68%) of N-benzyl-N-methylacetamide, b.p. 91-93°/0 2 
mm., m.p. 40-41°. 

N-(2'-Methyl-5'-nitrobenzyl)-2-pyrroUdinone from 4-Nltro- 
toluene, 2-PyrroHdinone, and Paraformaldehyde In Concentrated 
Sulfuric Acld.^* To COO ml. of concentrated sulfuric acid maintained at 
20° are added with stirring 274 g (2.0 moles) of 4-nitrotoluene, 60 g. 
(2,0 moles) of paraformaldehyde, and 170 g. (2.0 moles) of 2-pyrrohdinone. 
The solution is allowed to stand at room temperature for 12-15 hours, then 
at 45° for 6 hours, and finally at 65° for 12 hours. It is then cooled and 
poured over ice, and the oily product is washed with water by decantation 
until free of acid. The washed oil is taken up m ft minimum amount of 
warm carbon tetrachloride. The w hite crystals which deposit on cooling 
are collected and dried. There is obtained 174 g (37 %) of N-(2'-methyl- 
5'-nitrobenzyl)-2-pyrro]idinone, m.p. 94-96° 

N,N'-DlacetyN4.6-di(aminomethyi)-l, 3-xylene from m-Xylene, 

Acetonitrile, and Formaldehyde in 85% Phosphoric Acid.* In a 
5-1. three-necked flask fitted with a Hershberg stirrer, condenser, and 
thermometer are placed 1.51 of 85% phosphoric acid, 360 g. (II moles) 
of 91% paraformaldehj'de, 530 g. (5 0 moles) of m-xylene, and 535 g. 

(13 moles) of acetonitrile. The mixture is heated with vigorous agitation 
to 65° whereupon a spontaneous reaction occurs The temperature is 
held at 65-75° until the exothermic reaction is over, and then at 90° for 
4 hours. After cooling there remains a layer of 124-135 g. of unchanged 
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residue under reduced pressure give a crude base, b.p. 120-140’721 mm. 
Redistiliation at atmospheric pressure gives 98 g. (65 %) of a mixture of 
2- and 4-methoxyben2ylaraine, b.p. 231-235®. 

The mixture of amines is then added dropwise with stirring to 330 g. 
of 10% anhj-drous ethanolic hydrogen chloride. After it has stood over- 
night at room temperature, the solid is collected, washed with 100 ml. of 
ethanol, and dried to give 73 g. (38 %) of 4-methoxybenzylamine hydro- 
chloride, m.p. 223-230°. Eecrystallization from ethanol raises the melting 
point to 231-233°. 

The alcoholic filtrate is concentrated to drjTiess under reduced pressure 
to give crude 2-raethoxybenzylamine hydrochloride corresponding to a 
19 % yield based on the original N-chloromethylphthalimide. The crude 
product can be purified by solution in water and treatment with a hot 
aqueous solution of picric acid. The 2-methoxybenzylamine picrate, 
m.p. 227-228°, which is formed can be reconverted through the base,- 
b.p. 120-122°/! 6 mm,, to pure 2-methoxybenzylamine hydrochloride, 
m.p. 148-149° (from ethanol). 

4-PhthaIim!domethyl-l>naphthoI-8-suIfonic Add y-Sultone 
from 1,8-Naphthsultone and N-ChloromcthylphthaUmide with 
Aluminum Chloride.®’* A stirred mixture of 62 g. (0.3 mole) of 

l , 8-naphthsultone, 71 g- (0.36 mole) of N-chlororaethylphthahmide, and 
52 g. (0.39 mole) of anhydrous aluminum chloride in 600 ml. of 1,2,4- 
trichlorobenzene is slowly heated to 110° over a 2-hour period and then 
kept at that temperature for another 2 hours and 15 minutes. The cooled 
reaction mixture is poured over 500 g. of ice containing 30 ml. of concen- 
trated hydrochloric acid, and the trichlorobenzene is removed by steam 
distillation. The glassy residue is boiled with 300 ml. of ethyl acetate, 
and the resulting crystalline solid is collected and washed successively 
with ethyl acetate and hot water. The dried product weighs 95 g. (97 %), 

m. p. 248-249°, Recr^^stallization from a chloroform -ethanol mixture 
and then from glacial acetic acid gives pure 4-phthaIimidomethyI-l- 
naphthol-8-sulfonic acid y-sultone, m.p. 252-253°. 

a-Benzoylamlno-a-phenyl-o-cresol from Phenol and N,N'- 
Benzylidenebisbenzamlde.’* A mixture of 6.0 g. (0.02 mole) of the 
bisamideand 1.88 g.(0.02 mole) of phenol is heated for 4 hours at 180-190° 
in an oil bath. The brown, hard, resinous material is dissolved in glacial 
acetic acid, and the product is precipitated by the addition of water. The 
precipitate is collected, washed with water, and dried to give 4.2 g. (69%) 
of a yellow powder, m.p. 1 1 8°. The powder is dissolved in the minimum 
amount of ethyl acetate, filtered from a small quantity of insoluble 
materia], and recovered once again by removal of the ethyl acetate. Four 
»’* Schrtty, f/tlv. CAim. Afta. 31, 1229 (1948). 
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craSl, ni.p'ai?. «-ben 2 oyIammo-a-phenyl-o- 

A mirtarH?, “ ““ Phosphorus OxychiLdo.- 

thebisamide,a„dT.84g (0 oSLoit‘f‘7''T‘' 
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g («1 /o) of pure 2-(a-acety]ammohenzyl).4-nitrophenoh m.p. 208-209^ 
a-Amidoalkylation of Aliphatic Carbon Atoms 

olLLm^e^uTcSeSnTrs' dlo'‘‘‘°£' 

(0.02 mole) of cyclohexane-1 8-d^n ^ solution of 2.24 g. 

olbenzamide in 20 ml nf 'f g- (0-02 mole) of N-methvl- 

boron trifluoride etherate'Tftr (0.01 mole) of 

obtained (scratching mav be rt a ^ crystals is 

mixed with %vater containincr 2 S^r^S^od collected. The filtrate is 

of colorless cr^^stals is obtained^ The ^ 

crj'stals, m.p. 157-160° Tb ’ combined amount is 4.0 g. of 

of cold IJV sodium hvdroxide^TJ i® digested with 100 ml. 

bisbenzamide, is removed bv fUtrarion "^Th^^ 

concentrated hydrochloric arid ^ i. filtrate is acidified with 

recrj-stallized from ethanol to ' resulting solid is collected and 

162-164°. 3.2 g. (65%) of pure product, m.p. 

zoxymethyl)^Smarrm°re^^and'^^^^^ N.N'-Bis(ben- 

oOml. of drj- nitromethane, 0 38 e A mixture of 

mothyl)fuinaramide, and 0 4.5 g ( 3 1’ J i of X,X'-bis(benzoxT- 

under reflux for 4 hours. Th^’ i ■ trmitromethane is heated 
the .^olid residue is extracted with'brip”^ then removed in vacuum, and 
to remove the benzoic acid Th • carbon tetrachloride in order 
tetrachloride, is dissolved in nV.. f which is insoluble in carbon 

point of turbiditv. On standing '^0 90 ^'^"'’'’ *be 

(dec.), crystallize.;. (•^'%) of product, m.p. 197° 

C.H,CONHCH,- 

Mcthylmalonate.Jw A .«usnen«- '’T^^'^bylbenzamide and Diethyl 

methyllienzamidc and 4.7 g. (0.024”^ *1.1 r I- ^olc) of X-chloro- 

«n 20 ml. of dry diethvl ether is hr n ri " ° '^'cthyl sodiomethylraalonate 
• " ^ bath under reflux for 1 
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hour. The slimy precipitate is remored by filtration and washed with 
ether. The ether fractions are combined, and the ether is removed by 
distillation. The viscous yellow residue is distilled under reduced pressure. 
Any unchanged diethyl methyl malonate distils as the oil bath is heated to 
180“. The fraction distilling at lS0“/0.05 mm. is collected, and it eventu- 
alh’ cr 3 -stallizes as a white, waxy substance. It is recrj'stallized from 
diisoamyl ether to give 5.8 g. (78 %) of product, m.p, 67“. 

Diethyl a>Acetamidobenzylmalonate, CH 3 CONHCH(CjH 5 )- 
CH(C02C»H5)2, from Benzjdidenebisacetainide and Diethyl Malo- 
nate.^*^ A mixture of 10.3 g. (0.05 mole) of N,K'-benz 5 'Iidenebisacet- 
amide, 8 g. (0.05 mole) of diethyl malonate, and -o ml. of acetic anhj-dride 
is heated for 3 hours in an oil bath at 150-155°. (Prolonged heating leads 
to diethyl benzj'hdenemalonate ; e.g., after heating for 0 hours the j’ield 
drops to 11 %.) The acetic anhj'dride is removed under reduced pressure 
(14 mm.), and 100 ml. of water is added with stirring to the remaining 
wA'ss. The erystaVs that %ey«.tate wte ehUffetedL av/i 

washed with cold water and a little diethji ether. The dried product, 
m.p. 83°, weighs 8.9 g. An additional 0.7 g. is obtained from the ether 
filtrate (total jield; 9.6 g., 62%). Recrystallization from 50% ethanol 
gives the pure product, m.p. 85°. It is readily soluble in ethanol and 
acetone, sparinglj’ soluble in ether, and insoluble in water. 

Diethyl a-Benzamidomethyl-a-cyanopimelate (82) from N-(D1- 
ethylaminomethyl)benzamide and Diethyl ^i-Cj'anoplm elate.”* A 
mixture of 2. 4 g. (0.01 mole) ofdiethjd a-cj'anopimelate, 2.06 g (0.01 mole) 
of N*(diethylaminomethj'l)benzamide, 0.01 g. of po'''dered sodium hj'drox- 
ide, and 30 ml. of toluene is heated at reflux under nitrogen. After 
5 hours 80% of the theoretical quantity of diethylamine is evolved. The 
mixture is then cooled, and 100 ml. of petroleuiU ether is added. An oil 
separates which crv'stallizes after 3 daj's This solid is recrystallized 
from petroleum ether to give 3.2 g. (85 %) of the product 82, m p 61 . 

p-Benzamido-p.p-diphenj'Ipropionitrile from N-Benzoj'Idl- 
phenylketimine and Acetonitrile.^®’ To a stirred solution of 1 49 g. 
(0.065 mole) of lithium amide in 200 ml. of lifluid ammonia is added, 
during 5 minutes, a solution of 1 25 g (0 03 mole) of acetomtrile in 
10 ml. of diethv l ether. The mi.xture is stirred for 15 minutes and then, 
over another 5 minute period, is added a solution of 8 60 g. (0.03 mole) of 
N-benzoyldiphcnylketimine in a mixture of benzene 

(100 ml.) and ether (50 ml.). After stirring for 1 hour, 3.50 g of solid 
ammonium chloride is added, the ammonia is removed by distillation, 
and 100 ml. of water is added to the residue The organic lajer is 
separated, washed with water, and dried over anhydrous magnesium 
sulfate. Filtration and removal of the solvent bV distillation give 8.40 g 
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(«>o /c) of matenal, m.p. 132-134=. Pveeiy.?talIizatioii from ethanol gives 
pure product, m.p. 134-13.5=. 

^ 2, 3, 4-tetrahydro- 
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- rm.n^ 1 , . a g. of y -methylolphthalimide in .30 ml. 
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of pure pyridine is filtered, if necessary, and left to crystallize. If 
crystallization does not occur, seed crystals are obtained by placing « 
few drops of the solution in a desiccator orer concentrated sulfuric acid. 
As soon as the first crystals appear, they are added to the solution. The 
pyridine complex crystallizes in long lustrous needles which are collected 
after cooling in an ice bath. On drying in vacuum over concentrated 
sulfuric acid, the crystals lose their luster and come to constant weight 
after 24 hours. The dried product melts at 148.5-149° and one re- 
crystallization from acetone gives pure N-methylolphthalimide, m.p. 
149.5°. 

N-Chloromethyltrlchloroacetamide.^®® A cold stirred solution of 
19,2 g. (0,1 mole) of N-methyIo!trichloroacetamide*®^ in 10 ml. of dry di- 
ethyl ether is treated with a suspension of 20 g, (0.096 mole) of phosphorus 
pentacWoride in 20 ml. of dry diethyl ether. After the initial reaction 
and evolution of hydrogen chloride moderates, the mixture is heated for 
10 minutes under reflux and allowed to stand overnight. Ice water is then 
added dropwise to the cooled, stirred solution. The precipitate is 
collected and washed with ice water. Two recrystallizations from luke- 
warm carbon tetrachloride give 16 g. (76%) of N-chloromethyltrichloro- 
acetamide, m.p. 76-“77°. 

N-Bromomethylphthallmide,*®^ A mixture of 80 g. (0.45 mole) of 
N-methylolphthahmide, 150 ml. of 48% hydrobromic acid, and 45 ml. of 
concentrated sulfuric acid is stirred for 2 hours at 60-60°. The ciy'stalline 
product is collected and washed with water and then with dilute aqueous 
ammonia to remove all acid. Drying at 80° gives 75 g. (69%) of K- 
bromomethylphthalimide, m.p. 146-147°. Recrystallization from acetone 
gives a purer product, m.p. 148°. 

N-Acetoxymethylstearamide from Stearamide and Paraform- 
aldehyde in -Acetic Acid-Acetic Anhydride.'®® A solution of 200 g, 
(0.71 mole) of stearamide and 25 g (0.83 mole) of paraformaldehyde in a 
mixture of 200 ml. of acetic anhydride and 400 ml. of glacial acetic acid 
is heated at 70° for 4 hours and then cooled. The precipitate is collected 
and dried. Recrystallization from acetone gives N-acetoxymethyl- 
stearamide, m.p. 92-93°, in 66% yield. 

N,N'-Methylenebls-p-toluamide from p-ToIu nitrile.® A solution 
of trioxane (1.5 g., .05 mole) m p-tolunitrile (11.7 g , 0.1 mole) is added 
slowly Aiith stirring to 38 ml. of an 85% solution of sulfuric acid in a 
125.ml, three-necked flask. The temperature is maintained at 30° by 
means of an ice hath. After 3 hours the solution *s poured into 300 ml. 
of ice and water. The product separates as white crystals which are 
collected, washed with water, and reciystallized from 95% ethanol. The 
yield of N,N'-methylenebis-p-toluamide, m.p. 209-210°, is 12.4 g. (83%). 
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solved in 2^ tr (10 g., 0.081 mole) is dis- 
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probably because of partial rapidity of heating, 
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Exhaustive coverage has been attempted for the first two parts of this 
survey, but no such claim can be made for the third. The widely dis- 
persed way in which these compounds appear in the literature makes 
omission of many e-vamples a virtual certaintj'. Sufficient numbers have 
been listed, however, to provide a representative sampling of possible 
structural variation in the electrophilic reagent. 

Because the N-aminomethylamidcs have been thoroughly reviewed 
recently,® Table XXVIII is intentionally incomplete. It is devoted 
exclusively to examples which were omitted from the review cited or 
which have been reported since its publication. 

Within each table, reactions or reagents are arranged in order of 
increasing complexity of. the amide portion of the amidoalkylating 
reagent. The nucleophilic substrates ate generally arranged according 
to increasing complexity of substituent groups as listed in Heilbron’s 
Diciionary of Organic Compounds . Where applicable, the order 
aliphatic, aromatic, heterocyclic is also followed, but aiylaliphatic 
aldehydes, acids, and amides are treated as derivatives of the aliphatic 
portion of the molecule. Compounds containing reactive methylene or 
methine groups are listed in the order nitro, aldehydo, fceto, ester, 
poljTiitro, diketo, nitro ester, keto ester, diester, cyano, c3'^ano ketone, 
and cj'ano ester. 

Except where a separate column is provided for them, jields are given 
in parentheses after the references to which they relate. 

••• Heilbron, Dictionary of Organic Compounds, Oxford University Press, Kcw ^ork, 1933, 
pp. xv-ivi. 
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rolyi«ho<.i>l>t>Tk 





-C,U„COMHCir,OU anti 






7n-Ben7,Ide]anthra<[*en-7- 

(brnzanthronc) 



N-Motliylol-2-furamide an 
X- Methy lol.2-furnmido 




Ut'rortMU'O}^ UMiI to 5117 aro on *J0(l 

I lU'iu'iiOK aa a tuo!\o!\\othylolmni(lo, Kor lafuuolioual nMuHJiaia lU'o M\\hlo III* 


AM(nOMI',TltVI.A'J“ION Olf ;\|H)MATI<! (’AIUIOM ATOMH WITH N.M UTIIVT-dl.l MJI>K« 

l*OKition(H} of Itofori'ncrn 

IVodiictDorIvoil fiom HiiliH|[tiioiit(K) Mofhod (Yiold, %) 





Rcrercnces 382 
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Sotf.; Ut'CiTc-ucoti '.m to r.'.tl uvo on pp. 20(t-2(\». 
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TABLE VI— Continued 

.VMIDOMKTIIVt.ATION Ol' AllOMATlC CAUDON ATOMS WITH N-HALOMlOTIlYH-AMinKa, 
• AND -OAHHAMYrj COiMTOUNDS 

HC()N(H')CfIaX -I- Aril -► UCON(fl')CBUAr 


152 


ORGANIC REACTIONS 





Srtf lWcrrn<v<i 3H' 



I'ABT.K VI r 

a-A.MinoAMCYLATioN OF AKO^^ATIO CAunoN Atoms with 
N»X'-Mi:tmvlknk-, -Alicvmdknm-, and •Adymdknjc-iuhamidks 
(HCONIILCrrU' H- ArH --^nCONHCH(H')Ar llCONHy 
(II' K, nikyl. or aryl) 
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ORGANIC REACTIONS 
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TABLE IX 

Asudomethylation oe Aliphatic Carbon Atoms with 

-UIMETHYLOL DERIVATIVES OF FuMARAlUDE AND OF UrEA 

•D j X -r^ . , References 

Product De rived from Method (Yield, %) 


HOCH 2 NHCOCH 

11 

HCCONHCH 2 OH and 
Trinitromethane 

C 0 (NHCH 20 H )2 and 
Trinitromethane 


Acetylene 


HgO, pH. 0.8, 90 min. 87 (48) 

HgO, 40°, 5 min. 88 (77) 

Urea, formalin (2 equiv.), 88 (88) 
22 hr. 

10 atm., 40°, 10-20 hr. 90 


l^ote: References 382 to 537 


are on pp. 266-269. 


TABLE X 

Aliphatic Carbon Atoms with 
EHYDE OR Acetaldehyde and SuLFONAivnDES 
Product Derived from 


Method 


References 


CI^(CH2)2CH2S02lSrH2, CH2O, and 
Potassium cyanide 

CH 3 (CH 2 )eCH 2 S 02 NH 2 , CH2O, and 
Potassium cyanide 

CgHgSOgXHg and 

HOCH2CX 

CJHgO, and 
Sodium cyanide 

CeHjSOjXH;, CH3CHO, and 
Potassium cyanide 

Quinnldine 

9-Methylacridine 

O-Ethylacridino 

O 


^XH 



J J 


'CH. 


Aq. CHgO, 80°, 1 hr. 91 

Aq. CH 2 O, 45°, 2 hr. 91 

8 % XaOH, 90°, 1 hr. 91 

Aq. CHgO, 70°, 2 hr. 91 

HgO, 95°, 2 hr. 91 

Paraffin oil, 130° 92 

Paraffin oil, 130° 92 

Paraffin oil, 180° 92 

Paraffin oil, 130° 92 


Xo solvent, 160-170° 


Cn,D, and 

•^odiuin cvnnido 


-Vofr.‘ .382 to 537 


Paraffin oil, 200° 
HjO. 70°, 2 hr. 


92 

92 

91 


are on pp, 266-269. 
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TABLE XI 

a-ABiiDOAi.KYr*ATiojr of Aliphatic Cabbon Atoms with 

f N-MetHYLOL- and N-a-ALKYLOL-AMIDE 
Derivatives 


Ethers and Esters ( 


Product Derived from 

Method* 

(C,H,OjCNHCHCCJ,)jO and 

Diethyl malonate 

KOC,H„ ether, 0= 

C,HjO,CNHCH{OCOCH,)CCI, and 
Potassium cyanide 

H,0, 0°, 3-4 hr. 

CH,=CHCONHCH,OCOC,H, and 
Trmitromethans 

(CM, Cl),, 1 eqinv , reflu: 

CH,=C(CII,)CONIICH,OCOC,H, and 
Trinitromethane 

CM, NO,, 2 equiv., 101°, 
CH,NO„ 101°, 0 6 hr 
(CII,C1)„ 2 equiv . 83°, ( 
C,H,OH. S equiv.. 78°, ( 
H,0, 2 equiv , 25°, 4 hr. 

(CH,C1)„ 25°, 12 hr 

CH,COjCH,NHCOCH 

M,0, 25°, 0 5 hr 
{Cir,Cl),, 2 equiv . 25°, 3 

HCCONHCH.OCOCH, ami 

Trinitromethane 

11,0, rt'fluit, 25 min. 

C.HiCO,CH,NHCOC1I 


0 5 hr. 


91 (35), 95 

94 (53)r 

93 (4)J 
93 (49): 
93(12): 

93 (43): 

93 (55): 

93 (10): 


oMu^i 4 hr 


Xote: References 38J to 637 nre on pp 2(10-209 
* The abbreviation '‘etjuiv.” refers to t!ie iiiiinl'ier of eipmalenU of 
t Tlie produrt obtained was of the tj|x> 0|H,(>|rNHC(»'N) -tX'l, 

: Trinitromet)ian<> addeii to ttie carlion eartmti lioul'le luiiul diini'K a 
product was tho aaturated materml ((),N)jtYHtni,tXlN'»IVII,t'(Nl>j), 
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ORGANIC REACTIONS 


TABLE XII 

a-AMIDOALKYLATION OF ALIPHATIC CaUBON AtOMS WITH 
N-HAIiOMETHYIi AND N-a-ELAXOADKYD DERIVATIVES OF 

Amides, Lactams, Imides, and Carbamyd Compounds 


Product Derived from 


Method* 


HCONHCH^Cl and 
Diethyl methylmalonate 

HCONHCHCICCI3 and 
Diethyl malonato 

CH3CONHCH2CI and 
Diethyl malonate 
Diethyl methylmalonate 
Ethyl cyanoacetate 

CH3C0N(CH3)CH2C1 and 
Diethyl methylmalonate 

CH3CON(C3H,-n)CH2Cl and 
Diethyl methylmalonate 

CHaCONCCaH^-ilCH^Cl and 
Diethyl methylmalonate 

CH2CICONHCH3CI and 
Diethyl methylmalonate 
CCI3CONHCH2CI and 
l-Phcnylbutane-l,3.dione 
Diethyl ethylmalonate 
oc-Phenylacotoacotonitrile 
1-Chloromothyl.2.pyrrolidinone and 
Diethyl methylmalonate 

N-Chloromcthyl-c-caprolactam and 
i^icthyl methylmalonate 

and 

Pcntnne.2,4-dione 

3.Methylpentnne-2.4-diono 

Ethyl acetoacetate 
Ethyl a-methylncetoacetate 
I'Ahyl adsopropylncetoacotato 
--Cnrhot hoxyryelohexanone 
Dimethyl malonate 
Diethyl methylmalonate 
IVtethyl rthylmnlonatc 
Ethyl a-eynnoj)ropionatc 
ErheriylhutQne.En-dione 
a-Phenylaeetoacelonitrile 

C.jl.CONrCHjlCHXl and 
Ethyl met hy Ineetoaet't ate 
Diethyl methylmalonate 

C.lLCOXriCHCiCC!, ami 
EI*henylhutane.l,3.dione 


Dioxane 

(^^21^5)20^ reflux, 3-4 hr. 

Dioxane, 50°, 1 hr, 
Dioxane, 70°, 1.5 hr. 
Dioxane, 70°, 1 hr. 

Dioxane, 40°, 30 min. 

Dioxane, 100°, 1 hr. 

Dioxane 

Dioxane 

(CnHslgO, reflux, 15 min. 
Dioxane 

Dioxano-acetonitrile, 40° 

2 hr. 

Dioxane, 100°, 0.5 hr. 


(C.HsljO 

(C.HjljO. 

Dioxane, 

(CjHsl.O 

(C.Hjl.O, 

(CjHjl.O, 

(C.HjljO, 


reflux, 2 hr. 
reflux, 0.5 hr. 
reflux, 0.5 hr. 
reflux, 0.5 hr. 
100°, 3 hr. 

reflux, 1 hr. 
reflux, 0.5 hr. 
reflux, 1 hr. 
reflux, 0.5 hr. 
reflux, 1.5 hr. 


Dioxane, 100°, 1 hr. 
Dioxane. 100°, I hr. 

Dioxane. 50°, 3 hr. 


References 
(Yield. %) 


96, 100 (20) 
160 

96, 100 (25) 
100(31) 

96, 100 (27) 

98 (68) 

98 (38) 

98 (28) 

96 

96 (51) 

100 (62) 

96 (57) 

33 (40) 

33 (40) 

96 (C0)t 
410 (88) 

96, 100 (57) 

96, 100 (50) 

96, 100 (50) 

96 (84) 

96 (8I)t 
no. 100 (77) 

90 (72), 100 (72) 
96 (48), 100 (48) 
96 (51), 100 
96 (79), 100 (51) 

98 (28) 

08 (37) 

101 (73) 


t The hi.nmidnnlk-ylated prtHhict obtained. 


compound wa*» prepared 
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TABLE XU— Continued 

a-A>nDOALJcyi.ATiojr of Aliphatic Carbon Atoms with 
N-Haloxiethyl and N-(x-Haloalkyl Derivatii’es of 
Asiides, LACTxais, Ixiides, and Carbamyl Compounds 

Referei 

Product Derived from Method* (Yield, 

5f.4 Cl»C,ir,CONHCH,Cl and 

Diethyl methylmalonate Dioxane 96 

2-CH,0-5 CiC.HjCONHCHClCCI, and 
Potassium cyanide 


2.CH,0-3,5 CI.C.H.CONHCHCICCI, 
and 

Potassium cyanide 


2-CH,0.3,5-Br,C,HjCOXItCHClCCI, 

and 

Potassium cj'anida 


»>t-CH,C,H,CONHCHClCC], and 
Potassium cyanida 


CHjCOCH,, 0 5 hr. 

CHjCOCH,, 0 5 hr 
CH.COCH,. 0 5 hr. 

CHjCOCH,. 0 5 hr 
CHjCOCHj. 0 5 hr. 


)7(ca 39)t 
)7(ca 39){ 


o C,II/CO),N-CK,Cl and 
Diphcnj lacetaldehyda 
2-3Iethj|.I -phen j lbutane-],3dione 
Cyclohexane-l,3-dione 
•.l,4-Trimethylcyclohesane-3,5- 
dione 

Ethyl a mathylscetoacetato 
Diethyl methytmalonatu 

Diethyl ethylmalonato 
Diethyl acetamidomalonato 
Diethyl phenylmalonnta 
a^Phenylacetoacetonitrile 

« C,H,(CO),XCH,«r and 
S-Phcny l.a.benzofuranoiie 
Ethyl areloacetate 
Ethyl 4,4-dicthoxj aet'toaretato 
Diethyl roalonato 
Potassium cj amde 

X-ChloromethyUaeeharm and 
Ethyl methylaoetoacetata 
Diethyl methylmalonato 
Ethyl melhyleyanoaeelale 


CHjCOCH,, 0 5 hr. 
(C,1I,),0 

CHjCOCH,, reflux, 30 
CH,0H/C,K„ reflux 
C,II,OH, reflux, 30 rai 

(C<n.),0 

Diozane 

(C,H ,),0 

C,H,OH 

(C,H,),0 

C,Htl>ir/ClI,COCHj. n 


(C|llt)fO. reflux. 2-3 hi 

u,H,mi 

t\n,on. reflux. 3 hr 


(0,11,1,0, reflux, 3 hi 
(0,11,1,0, reflux, 4 hi 
(0,11,1,0. reflux. 2 hi 


97 (54) 
85 (20) 
97 (96) 

97 (63) 
97 (47) 
97 (81) 
97 (67) 
97 (60) 
97 (83) 
97 (72) 


105(73) 
104 (0) 
104 (0) 
102(0) 
104 (0) 


Xate* Iteremietxi 382 to 337 are on J'p. 266 269. 

• Unless otherwise noted, the sishum »»)l of ihe 
prepared liefore the alk) Ului(t aReiil w*« ad.leit 

t The produet was of the tjjie .tKMXllt'tl'N) -tVI, 


. methylene rompounJ was 
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TABLE XIII 

V Aliphatic Carbon Atoms ■with 

* -I thylenedisulfonashdes and N,N'-Ethylidene- 
bisueethan or Their Precursors 

*Iethod A. (ArS02NH)2CH2 + HC ArSOgNHCHaC^ + ArSOgATIj 

^ \ / 
C2H5O2CNH2 + CH3CHO + -> C2H502CXHCH(CH3)C— 

Product Derived from 


{CsH 5S02NH)2CH2 and 

Cyclohexane- 1 , 3-dione 

(p-CH3CH,S02NH)2CH2and 

Cyclohexane-l, 3-dione 

C2H5O2CNH2, CH3CHO, and 

Pentane-2,4-dione 


References 

Method (Yield, %) 

A; 11280^, 25 °, 2 days 85 ( 18 ) 

A; H2SO4, 25 °, 2 days 85 ( 19 ) 

B; C2H5OH, HCl, 24 hr. 108 ( 30 ) 



Method A: (RCONH)jCIiAr + HC .. nC0XHCH(Ar)C— + RCOXM 



All other alkvlalinnp jvf.hji 



TvVHLK X\V--aontinw'(i 

.AMinoAi.Kvi.ATiON- OK Aiakiiatio Cauhok Ato.mh with 
X. iV^AuVMnKNKlIlSAMIDKS OH 'I'ltWHl PUKOOnSOllS 
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rjCONIICII(Ar)CH(COjn)NIICOC,lIj (73). 



TAIJLE XlV^-Coniimtcd 

a-AMinoAMCYLATiON OF Altfuatio Caudon Atoms with 
N^^ iV'-AitvrjnicNKnisAMiDKS on 'rirwni Piucouhsouh 
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ORGAXrC REACTIONS 
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TABLE XV 

Amidojiethylation or Aliphatic Caeboh Atosis with 
X-Amihomethylamides and Theik Quatebnaky Salts 

References 

P roduct Derived from Method (Yield. %) 

C.H,C0NHCH,N{CH,), and 

Nitrocyclohexane Toluene, NaOH, reflux, 50 hr. 118 (38) 

Dimethyl acetamidoTDalonato Toluene, NaOH, reflux, 2.5 hr, 118(87) 

Diethyl methylmalonate Toluene, NaOH. reflux, 5.5 hr. 118 (48) 

Diethyl benzyl malon ate Toluene, NaOH, reflux, 11.5 hr. 118 (68) 

Diethyl phenylmalonate Toluene, NaOH, reflux. 1 hr. 118 (100) 

C.H,C0NHCH,N(C.H.), and 

1.3-Diphenylpropane-l,3.dione Toluene, N(C*H,-n)„ reflux, 30 hr. 118 (3) 
Ethyl a-ethylaoetoacetate Toluene, NaOH, reflux, 30 hr, 118 (38) 

Dimethyl malonate Toluene. NaOH, reflux, 3 hr. 118(68) 

Diethyl ethylmalonate Toluene, NaOH, reflux. 7 hr. 118 (44) 

C,H,O,C(CH,),CH{CN)C0,C,H, Toluene, NaOH, reflux, 5 hr. 118(85) 

Ethyl a-phenylcyanoacetate Toluene, NaOH, reflux, 8 hr. 118 (74) 

o-C,H,(CO),NCH,N{CH,), and 

Diethyl malonate No solvent, NaOH, 100'’, 5— 15 hr, 81 (0) 

Diethyl acetamidomalonate Xylene, reflux ** 

°-C.H^(CO),NCH,N^ ^ and 

Diethyl formamidomalonate Xylene, 150% 4 hr. 81 (0) 


®AH,(C0),NCH,N(CH,), 1° and 

^elohexane-l,3-dione CHjOH, Na, reflux. 6 hr. 85 (0) 

Diethyl malonate C,H,OH, NaOC,H„ reflux, 7 hr. 81 f 

Diethyl formamidomalonate C.HsOH, NaOC.H., reflux. 6 hr. 81 (88) 

Sodium cyanide HCON{CH,)„ NaOH, reflux, 81 (<6) 

HCON(CH,)„ reflux, 1 hr. 412 (81) 
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ORGANIC REACTIONS 


TABLE Xyi 


a-AMIDOALKYIiATION OF ALIPHATIC CaRBON AtOMS \\TTH 

Acylijutn’es 

C6H5CON=CAr2 + HC C6H5CONHC(Ar)2C— 



Product Derived from 

jMethod 

References 
(Yield, %) 

CeH5CON=C(C6H5)2 and 

Acetonitrile 

LiNHj, liq. NH3 

120 (85) 

Propionitrile 

LiNHj, liq. NH3 

121 (50) 

ButjTonitrile 

LiNHj, liq. NHg 

121 (53) 

CcHjCHiCOjNa 

t-CaH^^IgCl, CgHc/ether, reflux 

19 (49) 

CeH5C0N=C(C6H5)CcH40CH5.;) and 

CcHjCHiCOjNa 

f-CaH^MgCl, CgHg/ether, reflux 

19 (53) 


CeH.CON-^ClCftHs) and 



Acetonitrile 

Propionitrile 

ButjTonitrile 


LiNHj, liq. NHs 120 (50) 

LiNHj, liq. NHj 121 (30) 

LiNH;, liq. NH3 121 (40)* 


Kotc: References 382 to 537 arc on pp. 266-260. 

* Two diastercoisomcra were isolated; one in a 37% and the other in a 3% yield. 




TABLE XVn 

-AmiDOArKYLATiON OF Exiivi, Acetoacetate with X,N'-Alkylidene- and N.N'-Aryiidene. 
BISURBAS OR ThEIR PRECURSORS. The BiGINELLI PyrIMIDINE SYNTHESIS 
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Note • References 382 to 637 
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ORGASTIC REACTIONS 



/i..Niiroi)('ir/.i»l(li'liv(U' n; iiui, MU', iir. latn.ii) 

11; I[C1, C?T.,COJT, 120", 2 hr. 120 (08) 

.8,ili,-yliil<l('hy(lo A, H; Cair„()H,80", 2 Iir. 122, 12;i 

B; irC’l, CaKnOir, 80”, 1) hr. 120(10) 
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ORGA^’IC REACTIOXS 



;).NUrohon7.rtI(loliy(I(' 15; llUl, UHsUtl, «U", ,5 lu\ 1120 ^:51} 

B; KCl ciraCOJT, 120", 3 hr. 120 (58) 

S«0ioyl.il(l('hyilo A, B; CaK^GH. 80". 2 hr. 122, 123 

B; lICK CaHrPn, 80", 3 hr. 120 (10) 
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MMirnl.lohydo CHaCO,,!!, 100=, 2 hr. 128 (80) 





TABLE XX 

IF CAnnOX'AMIDKS, iMtnES, AND SULFONAMIDES 
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ORGANIC REACTIONS 
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ORGANIC REACTIONS 
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an unnamed ronctant. 



TABLE XX—Conlinuc(l 

X-MoNOMF-Titvi-or, Deiuvatutcs of CAunoxAJtiDES, Ijiides, and Sulfonamides 
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ORGANIC REACTIONS 



Formalin, bnso, 80° 428 
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ORGANIC REACTIONS 




-CJI,(CO)jN/ yOjNCHjOH 



Unless otherwise indicated, the 
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ORGANIC REACTIONS 



Xote: Uoft'nMUM'H JI 82 to 587 aro on pp. 2 fi 5 - 20 l)» 

• UnIt'KH othorwiMo indicated, tho ainido or inutlo la un unnmnod roaotanb. 
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1 ho amido is an unnamed reactant. 



TABLE XXI— Caulm lied 

I’oi,V-N-.MHTIIVLOr. 1)H1UVATIVHH OF MONO- AND I’OIiY-OAIinOXAMIDTSS 
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ORGA^^C EEACnOXS 






TABLE XXII 

X,N'-Di-methtct:.ol Derivatives of Carbamyl Compounds 
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ORGANIC REACTIONS 


<M O CO 

O o 
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N-Mono- and X.X'-Dt-MKTHYr.oL DnutvA'rivKH oi^ Cauhamyl Compounds 
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ORGA^TEC REACTION'S 



i 


-XUIIjOU Vonniilin. oroaUno 15‘1 (90) 

Formalin, croatiuino ,| 5 ,|. (sq) 



Formalin, baso 455 (72) 




TABLE XXir— Co;i<!/ii(crf 
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ORGAXIC REACTIONS 



IJ. Formalin, 100° 237 



Formalin, heat 450 (71) 


«.AM1D0 ALKYLATIONS AT CARBON 


O 

i/“vi I 


w Py c 
o \ / \ / u 


jlAIIA, 


’ote: Refercncoe 382 to 637 are on pp. 266-269. 

Unless otherwise indicated, the carbaTTiyl compound if 
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onpp, 20 ft- 269 , 

> N-«-hydroxyalkyl derivatn 
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ORGANIC REACTIONS 






TA 13LE XXVlU—Cori/mucd 

X-lfAi-oMnTiiYr, AND X-a-HALOAr.ivYi. Ukiuvatives or Ami’^'Es, Lactams, 
IMIOKS, CAUIlAMYr. COMl’OUNDS, ANO SUM'ONAMIDES 
KCON(R')CIT(U')Orr. ,UCON(R')CH(R*)X 


218 


orga^t:c reactions 



(O!)) LSI ''I0310 •'■'lOcl 







«.\MIIM»M,KVl-,\TIONS AT CAHHON* 



of tliu rlAu On 




TABLE XXX 

N-Quaternaby Aminomethyl Derivatives oe Amides, Imides, and Carbamyl Compounds 


k-amidoalkylations at carbon 


223 



Sole : Refwnocs 382 to 537 mo od pp. 265-269. 





CH,(CH,),CH=CH(CHj)jCONHCU:j— 

r^-Ci.HsjCONCHj— ■] 


k.AMIDOALKYLATIONS at carbon 



L L w L 
/“\S S/“\s 


3/ H 


References 382 to 537 are on pp. 265-269. 



TABLE XXK— Continued 

Vminomctiiyij Dkuivativks of Amidks, Imiokh, and Cauhamyi, Compounds 
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ORGAKIC REACTIONS 



CTLClIa 

0.c.ir,(C0)aNciV- — N(CIT3)3 t© 1, ao.i (7a) 

ciT„cir„ 



304 (87) 
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A'o<e • Reforoncca 382 to (537 



TABIiE XXX—Continncil 

N-Qimtkunaiiy Aminomkthyl Dehivatives of Amides, Imides, and CAnnAMYL Compounds 
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ORGAOTC REACTIONS 



Sotf: UoforenopH 382 to 537 arc on pp. 200-200. 



a-AMIDOALKYLATIONS AT CARBON 229 

TABLE XXXI 

N'ACYt- ANO N-SinJONYl-lMINES 
Imine Derivative References (Yield, %) 

Amides 

HCON=CHC*H^OH.j> 

CH,COX==CHCgH40H-p 
CHsCON=C(CgHg)* 

CH,COX=C[CjH4N(CHj)j-p]2 
CH,CON=C(CioH 7- 1 iCgHg 
CHaCON=C(CioH;-2)C,H5 
CHjCON==C(CioH7- 1 )* 



297 (60> 

297 (90) 

231 (70) 

231, 490 (77) 

231 

231 

231 



231, 491 (59), 492 


CH*ClCON-=CHCCl3 

CHjClCOX=CHCCl3 

CHgCICON=C(C,H5)s 

CgHjCHjCON^CHCgH^OH-o 

CgHjCHjCON^CHCgHgOH-m 

CgHjCKjCON^^CHCgHgOH-p 

CjHsCON=CHC*H«OH-o 

CjHjC0N=CHC*H4OHm 

CjHjCON^CHCgHgOH-p 

CjHjCON^CiCgHg)* 

C3HjCON=C(C,H5)CgH«CH,-e 

n.C,H,CON==C(C,Hs), 

«-C3Hi,CON=CHCgH,OH-2.C1.6 


Kote: References 382 to 537 


pp. 266-269. 



TABLK XXXII 

SvMMirrufC’An X,iV'-MKTiivM-:Nic./;/.v Dehivativks of Ahiijoks, Lactajms, TiiroAivunKs, 

ImIDKM, CaU!IAMVL CoMPOUNDH, and SULFONAMiniCa 

X,X^Ar(‘fh.vlon<*-/;/.'r Dorivativo MoMiod Boforoncog (YioUl, %) 
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ORGA2vIC REACTIONS 
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'I'A nr. K XX XI r — ual 
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ORGAXIC REACnOXS 
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AWe.- Rpreronce# 382 to 537 are on pp. 26^209. 
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Lactam, formalin, acid 
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ORGANIC REACTIONS 



CO CII 2 Mothyl-?*-butylhydantoin, formalin, ZnCl 2 , coned, HCl 289 (07) 
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ORGA^^C REACnOXS 



CFIa(S 03 Niv)C 0 NnClTa 0 n, RCONHa, CiraCOaH, 100" 210 



CHj(S03Na)C0NHCH20H, RCONHCH,, CHjCOjH, 100“ 



RCONHCHjOH, CHj^CHCONHj, acid, 50-55' 
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ORGAXLC REACnOKS 



(10) GIT ‘1-8 ‘‘os'll ‘Pnwoo ‘110'''H01INOO‘‘11'’0 
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ORGAmC REACTIONS 



CHaBrCONHCHjCONHNHj. HNO„, CalljOH 269 (36) 
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0RGA2n:C REACTIONS 



C„nr,CONH3. HaNSOsH, CltaO, 99 % HaSO.,, 70“ 615 (20) 




TABLE XXXTV—Cotitinued 

.SVMMCTIIICAI. N,N'-Ar.KYf.n)KNK-^i> AND N,N'-AnYUDKNn-6w Dkuivatives op Amides, Lactams, 

Imides, Caiidamyi. Compounds, and Sulfonamides 
^KCONPL + R'CHO - (RCONHj^CHR' 

I)<Tivntivo of Jlethod* Yield, % References 
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_ , , ^ . No solvent, heat 

Bcnzaldehyde (CHjCO)jO, H*SO,, hea 
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CHjCOjH, heat 



reactants in this colui 
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HOjC(CHj),CHO nOjC(CHj)jCOCOjH, heat ( -COj) 

Pyruvic acid . ]Ioat in vacuum or CH 3 CN, CHaCOCOjH, 

Benzoylformic acid Heat in vacuum 

Acetanilide and 

p'Tolualdehydo Pyridine or heat niono 
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-Nitrobenzaldchyde 

i-NitrobenzaJdehyde 
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ORGAXIC REACTIONS 



Sotr: lloftM-onroM :iS2 to 5:17 am on pp. 266-200. 

♦ K\c<‘pt whni ollu'i’wiHo iodirivtcMl. tiio atnido aial aUlnhydo avo unnaiuod ivactanta in Uiia column. 
\ Tho prnductM arc of the type (UjjNCONlljX'HH. 
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TABLE XXXV 

UnSVMMETRICAL X.X'-AR^’LIDEN'EBISAMIDES*®^ 


RCOXH. + R'COXM, + ArCHO » RCOXHCH(Ar)XHCOR' 

* Xo solvfnt 


R 

R' 

solvfnt 

Yield, % 

CH, 

CjHj 

CgH, 

30 

CH, 

CgHsCH=CH 

CgH, 

39 

CH, 

C.H.CH=C{CH,) 

CgH, 

38 

CH, 

CgH, 

CgH, 

42 

CH, 

CjH, 

2-FHry] 

25 

CH, 

CgH5CH=CH 

2-Furj 1 

26 


CgHjCH=CH 

CgH, 

33 

CjH, 

CgHsCH=C(CH,) 

CgH, 

30 

CjH, 

CgH, 

CgH, 

38 

C,HsCH=CH 

CgHjCH^CICH,) 

CgH, 

25 

C,H,CH=CH 

CgH, 

CgH, 

29 

C,HsCH=C(CH3) 

C.H, 

CjH, 

26 


A'ote.’ References 382 to 537 are on pp. 266-269. 
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INTRODUCTION 

In 1953 Wittig and Geissler^ found that reaction of benzophenone with 
methylenetriphenydphosphorane gave 1,1-diphenylethylene and triphenyl- 
phosphine oxide in almost quantitative yield ; the phosphorane had been 
prepared from triphenylmethylphosphoniura bromide and phenyl- 
lithium. This discovery led in the follow’ing years to the development of 

[(CeHsljP— CH,]Br9 + CgHjLt -* {CgHs),P=CHj, -t- C^H, -I- LiBr 
<C«Hj),P=CHj -b (C,H5)2C=0 (CgHs)jC=CIIg + (C,H5)3P=0 


Wittig and Geisslcr, Ann , 680, 44 (1953) 
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a new method for the synthesis of olefins^"*® which, under the name 
Wittig reaction, soon attained importance in preparative organic chemistry. 

One advantage of this new method is that the carbonyl group is replaced 
specifically hj a carbon- carbon double bond without the formation of 
isomeric olefins. In contrast, the older method of converting carbonyl 

R'CH2 

\ 

-f (CgHslgP^CHR'" C=CHR" 

/ 

R"CH2 

compounds to olefins using the Grignard reaction followed by dehydration 
of the resulting carbinol usualh’ gives a mixture of isomeric olefins. 

Another advantage of the Wittig reaction is that it is carried out in 
alkaline medium and usually- under very mild conditions. Consequently 
it is the only method available for the preparation of sensitive olefins such 
as carotenoids, methylene steroids, and other natural products. 

As early as 1919 Staudinger and Meyer"*® showed that the reaction of 
diphenylmethylenetriphenylphosphorane (1) \^'ith phenyl isocyanate gave 
N-phenyldiphenylketeneimine ; but this discoveiy" did not lead to the 

(C6H5)3P=C(CeH^)2 -f C6H3N=C=0 C,'H^'S=C=C{C^-Rs)2 

i 

discovery of a new sjmthesis of olefins. One reason is the unusual 
stability of the phosphorane 1, which could not be made to react with 
normal carbonyl compounds. It has been found that, even with diphenyl- 
ketone. reaction will occur only under forcing conditions (at 140® in 
benzene under pressure) 


R'CHo 

\ 

c=o 

/ 

R'CHg 


(C,,H5)3r=C(CeHs), 4- (CeHj),C==C=0 — (CbH5),C=C=C(CeH5)j 



THE WITTIG REACTION 273 

obtained from triphenyiphosphine and diphenyidiazomethane. This 

(C(.H5)3P + N^N=C(CgH5}j 
(C5H5)3P=^N--N=C(C,Hj)2 (C,Hs)3P=C(C,H5)3 

roundabout method could not be extended to the preparation of other 
p osphoranes since, m the pjTolysis of phosphazines, ketazines are 
usually formed instead.^ It was not until the development of modern 
techniques in organometallic chemistry that reactive methylene phos- 
phoranes became easily accessible and led to routes to olefins in good 
jields from a variety of aldehydes and ketones 
This chapter includes the more important literature to the end of 1962 
and a few selected articles published in 1963. Other reviews have been 
published elsewhere.^2-i7a 


ALKYLIDENE TRIPHENYLPH OS PH CRANES 


Structure and Properties of Ylides 

The existence of pentaphenylphosphorane*® shows that, unlike nitrogen, 
phosphorus is capable of being pen taco valent, since it can expand its 
valencj’- shell to 10 electrons by inclusion of d orbitals. Alkylidene 
phosphoranes can therefore be considered as resonance h 5 ’brids of two 
limiting structures, the ybde form 3o and the ylene form 3b. An in- 


© b / 
(R),?— C 


dication that alkylidene phosphoranes possess some ylene character was 
obtained from a kinetic study ivhich showed that tetramethylphos- 
phonium iodide is converted to the 3 'lide much faster than is tetrameth}'!- 
ammonium iodide, despite the fact that the protons in the phosphonium 
salt are under the influence of w eaker repulsive Coulomb forces than those 

** Levisalles, Bun. Sue. Chtm. Fran«, 1958, 1021. 

'• Schellkopf, Angtu>. Chtm., 71, 260 (1959)- 
Prfe, Chtm. LUty, RJ, 177 (I959K(7.A., 53. 790S« (1959)]. 

“ Kottka. n’ia<ioBw»«CA«wii. 12, 521 (1958) 

Trippett, Admn. Org. Chtm., 1, 8J (1960). 

” Yanovskaya. Vtp. Khim , SO, 813 (1961) [CJ.. 58, 1325a (1962)]. 

”* Trippett, Quart. Bev.. 17, 406 (1963). 

'* Wittig and RieWr, Ann.. 562, 187 (1919). 
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in the ammonium salt (bond distances: P — C, 1.87 A; N — C, 1.47 A).^^ 
This greater tendency for the formation of phosphorus ylides reflects 
stabilization of the transition state by p-d orbital overlap. 

The reactivity of alkylidene phosphoranes is determined b 3 " the dis- 
tribution of the negative charge in the molecule, which in turn depends 
on the nature of the substituents Ptj and Eg in the alkylidene portion as 
well as of the groups E on phosphorus. Thus the nucleophilic character 
of the phosphorane is decreased and the stability of the phosphorane 
increased if the lone electron pair on the a-carbon atom of form Za is 
delocalized into groups Ej and Eg. Generally speaking, electron- 
withdrawing substituents Rj and Eg will stabilize the negative charge and 
consequently reduce the reactivity of the 3 dide. Methj^lenetriphenjd- 
phosphorane (3a, 3b, E^ = Eg = H), where there is no such interaction, 
is an extremel}^ reactive and unstable phosphorane of high nucleophilicity. 

The groups E on phosphorus also influence the reactivity of the alkyl- 
idene phosphoranes since they ma\" be capable of increasing or decreasing 
the cf-orbital resonance with a consequent change in the relative impor- 
tance of form 3b in the resonance h\*brid. Decreased d-orbital resonance 
would result in greater importance of the 3 "lide form 3a and therefore 
increased reacthit\" of the phosphorane. Investigations of the ultraviolet 
spectra of poh'phenyl derivatives of phosphorus led to the conclusion that 
the formation of double bonds with inclusion of d orbitals is possible onh" if 
the central atom is positiveh" charged in the single-bonded structure.^''^ 
Applied to the alk^didene phosphoranes, this would mean that the ^dene 
form 3b would be the more important the larger the formal charge on 
phosphorus. Electron-withdrawing groups E on phosphorus will, other 
things being equal, increase the J-orhital resonance and therefore favor 
the \*lcne form 3b, whereas electron-releasing groups will increase the 
impo nance of the ylide form 3a. These hj^po theses are supported hy 
investigations of transition metal complexes in which trivalcnt phosphorus 
occurs as a ligand and forms tt as well as a bonds with the metal. It has 
been shown that the capability for the formation of 77 bonds decreases in 
the series: PF 3 > PCI 3 > PtOCHglg > P(C 3 H.- 7 i) 3 , i.e., in the same 
sequ.uice as the positive inductive effect (—1 effect) of substituents on 
pho'iphoru‘5.^ 

Suh-cequently. studies were made of the ultraviolet and visible spectra 
of a s^*ri<-‘^ of planar complex('S of the structure* tran^-[h. piperidine 
PtFL]. vIktc th*' licand L was an aliphatic amine, phosphine, etc. Again 
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phosphorus rf-orbital participation in the interaction 
wth the metal increases with increasing +I efifect of the groups on 
phosphorus: L = PlCsH.-n)^ < L = P(OCH3)3.« Pinally, studies of the 
carbonyl stretching frequency in the infrared spectra of nickel dicarbonyl- 
diphosphines [Ni(CO)2(PR3)3]W and complexes of the structure 
^^^^3Cr(CO)32® showed that the d-orbital participation in the metal 

phosphorus bond decreases in the series PCI3 > P(0C8H5)3 > P(OC3H5)3 > 

> P(C,H5.n)3, i.e., again following the +1 eifect. Similar 
results using ^^P nuclear magnetic resonance spectroscopy were obtained,*^ 
It would therefore be expected that alkyhdene trialkyjphosphoranes, 
in which the formal positive charge on phosphorus is reduced by the 
inductive effect of the alkyl groups, would under otherwise equal conditions 
be more reactive than alk3’lidene triphenjdphosphoranes in which the 
+I effect of the phenjd groups lias the opposite effect. This is the case. 
CarbomethoxjTnethylenetricj'clohexylphosphorane ( 4 ), for instance, is a 
stronger base than carbomethoxymethjdenetriphenjdphosphorane ( 5 ), 
3 nd, unlike the latter, is sensitive to water. The same explanation 

)3P=CHC02CHa (CgHjlaP^CHCOaCHs 

« 5 

rationalizes the increased stability of fluorenylidenetriphenylphosphorane 
toward hj'drolj'sis as compared to that of fluorenyhdene trialkylphos- 
pboranes.^s In general, the conjugate acid of a phosphorane should be 
the stronger the more important the ylene form 3 h (and consequently the 
more important the d-orbital resonance); i.e., a more acidic phosphonium 
salt will be related to a less reactive phosphorane, and vice versa. It is 
possible to estimate the reactivity of an yhde from the value of its 
conjugate acid.2® 

The discussion of the mechanism of the Wittig reaction will show, 
however, that alkylidene trialkylphosphoranes are superior to alkjdidene 
triphenylphosphoranes only in certain special cases. 

The Wittig reagents may be divided into two groups according to their 
reactivity. The first and larger group includes the alkylidene phos- 
phoranes of low stability and high reactivitj', whereas the second group 
comprises the highly stable unreactive resonance-stabilized alkylidene 
phosphoranes, 

** Gamifn, and Orgel, J, Chtm, Sof , 1959, 1047. 

“ 31<*ri»ether and Fi^ne, J.Am Chtm. Sot , 81, 4200 (1959) 

* Abel, Bennett, and Wilkinaon, J Chtm, Sot , 1939, 2313 
’ Meriwether end Leto, J. Am. Chtm. Soc., 83. 3192 (1961) 

” Beatmann and KraUer, Chtm Bcr., 95, 1894 (1962). 

Johnaon and LaCount. Ttirahtdron, 9, 130 (I960). 
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Phosplioranes containing substituents in the alkylidene group that have 
little effect on the carbanion character of the inolecule are found in the 
first group. These Wittig reagents are markedly nucleophilic and react 
readily at low temperatures \^ith carbonyl and other polar groups. 

The second group consists of phosphoranes with electron- withdrawing 
substituents in the alkylidene portion which decrease the nucleophilicity 
to a certain extent and, in some cases, completely prevent the attack on a 
carbonyl group. Unlike the phosphoranes of the first group, they are 
essentially stable toward hydrolysis. For instance, the acylmethylene 
triphenylphosphoranes^^*^^ are colorless cr^^stalline compounds that are 
hj'drolyzed only at elevated temperatures. This stability is probably due 
to resonance between the limiting structures 6a to 6c in which the carbonyl 
group is included. This is reflected in the shift of the carbonyl band in 
the infrared spectrum to 6.o-6,7 In spite of this resonance stabili* 

o o o© 

9 e j‘ ;■ a j 

(CgHglaP— CH— C—R (C^Jl^)^V=CK—C—R ^ (CeHslaP— CH=C— B 

6o 6b 6c 

zation the acylmethylene triphenylphosphoranes undergo the Wittig 
reaction with reactive carbonyl compounds such as benzaldehyde, but 
not with cyclohexanone under the same conditions Similarly fonnyl- 
methylenetriphenylphosphorane (6, R = H), a stable compound of melting 
point 187®, reacts readily with aldehydes in boiling benzene but not with 
ketones.^ 

In the s^mthesis of olefins having electron-withdrawing groups on the 
a-carbon atom the reagent of choice is often the anion derived from a 
phosphonate ester. For example, 

(C.H^O^P— CHCO.aiE 
e • ^ ^ 

o 

will react readily with cyclohexanone to forrn cthvl cvclohexvlidene- 
acetate. Reagents of this type are discussed on pp. 370-382. 

The prcparati%Tly important carbalkoxymethylene triphenylphos- 
phoranes /a ill alf^o react with ketones but onlv under forcinsr con- 
ditions.^* ^ TIouever, the phosphorane 7a reacts rcadilv with cyclic 
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and methyl ketones in the presence of benzoic acid as a catalyst.®® 
Reaction with aldehydes, on the other hand, occurs readily.®-®® 

(CgHjlaP^CHCOjK (CgHs)3P=CHCOXH, (C,H5)3P=CHCN 

7c 


Carbalkox^Tnethylene triphenylphosphoranes [la) are stable crystalline 
compounds which can be kept for a long time without decomposition. 
Participation of the ester group in charge delocalization is evident from 
the shift of the carbonyl band in the infrared to 6.15 /i,*® as well as from 
the stability of the compounds. Carbamidomethylenetriphenylphos- 
phorane and cyanomethylenetriphenylphosphorane (7c)®'~“ also 

belong to this group of stable phosphoranes. 

Replacement of the second hydrogen atom in the methylene group by 
an electron-delocalizing substituent results in further decrease of the 
reactivity of the phosphoranes to such an extent that they may become 
nnreactive even tow ard aldehj’des. Examples of such phosphoranes are 
diphenylmethylenetriphenylphosphorane (1),* 4-nitrobenzhydr3'lenetri- 
phenylphosphorane (8),*^ and compounds of tj^pe 9,“ whose ultraviolet 
spectra show that the negative charge is extensively delocalized into the 
two groups X and Y. 

C,H.XO,-p X 


<C«H5)3P=C(C,H5)2 


/ 

(CgHslaP^C 


© 

(CgHjliP— C ;0 
\', 
Y 


(X, Y=CO,R. ex. SO,C,H„ COCH,) 


The methylene carbon atom may also be made part of a quasi-aromatic 
system with a resulting decrease in the carbanion character of the ylide. 
Qyclopentadienylidenetriphenylphosphorane (10),^®’*^ for instance, is a 
yelloiv ciystalline compound, m.p 229-231°, stable to prolonged heating 
"’ith concentrated aqueous or ethanolic potassium hydroxide It does 
not react with benzophenone. fluorenone, or cyclohexanone on heating in 


** RUchardt, Eichlfr, and Panse, Angew. Chem., 75, S58 (1963). 

* Isler, Gutrn^mn, Montftvon, Huegg, «nd Zeller, Htlv. Chxm* Acfa, 
“• Bestmann and Schulz, Chtm, Ber., 95, S921 (1962) 

*» Trippctt and Walker, J. Chem. Sot., 1959, 3874, 

*’ Novikov and Shvekhgeimer, I:o. Ahtd. Xou* SSSB. Old. Khtr 
65, I3353g (1961)J. 

Schioinenz and Engelhard, Chrm Btr., 94, 578 (1961). 

** Brefahl, Plotner, and Scholz, Z, Chtm., 1, 93 (1961). 

** Homer and Oediger, Cfiem Ber,, 91, 437 (1958). 

** Ramirez and Leiy, J. Org. C/>em.. 21, 488 (1956). 

*’ Ramirez and Le\y,,r, .4ni. Chem. Soe,, 79, 67 (1937), 


», 1242 (1937). 


.Van*. 1985, 2081 
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diethj^l ether, chloroform, ethanol, or tetrahj’^drofuran for 120 hours. 
Reaction with benzaldehyde appears to occur, but no pure products 
could be isolated. 



lOa 


10b 


Fluorenylidenetriphenylphosphorane is considerably more 

reactive ; it is hydrolyzed b3^ ethanolic sodium hj^droxide, and it undergoes 
the .Wittig reaction .with a number of aldehydes to give olefins. The 
dipole moment of 7.09 D points to the importance of resonance form 11^ 
in the hybrid. Replacement of the phemd groups on phosphorus b}^ 


!i 

P(C6H5)3 

11a 11b 

alk\d groups in results in a marked increase in reactivity'. Thus 

the hydroly^sis of fluoreny’lidenetrimethydphosphorane®®'®^ occurs readih’ 
under the influence of atmospheric moisture, and fiuorenydidenetributyd- 
phosphorane-^ may- even be made to react with a number of ketones. 






Preparation of Alkylidene Phosphoranes 

The \Vittig reagents are usually prepared by’ the action of bases on the 
easily accessible triphcnylalky’lphosphonium halides. Formation of 




alky'lidcne ]ihosphoranes by removal of a proton from the salt under the 
infliumce of base a reversible reaction. The choice of conditions 
depends onrm*ly on the nature of the desired ylide. The air- and 
nioisture-sen^iitive jdiO’^phoranes of the first group have to be prepared in 
nn ardiydrous medium under an atmo-^phere of inert gas. employing 




Pm 


-CH 




(C,H3)3P=^ 




HB 


K, 


Pm 
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ganomotalhc compounds as proton acceptors. In one method* an 
ether solution of phenyllithium or butyJlithium is added under nitrogen 
to a suspension of I equivalent of the phosphonium salt in ether, tetra- 
h3^rofuran, or other suitable solvent. The reaction usually occurs in the 
CO , and formation of the alkylidene phosphoranes can be followed by 
the appearance of an intense j'ellow or red coloration. 

A variation of this method consists in preparing the ylide in liquid 
ammonia with sodium amide as the base and then replacing ammonia by 
diethyl ether or tetrahydrofuran.®* Sodium amide has also been used in 
other solvents, such as benzene, diethyl ether, or tetrahydrofuran.® 

Alkylidene phosphoranes that do not react with a carboxamide function 
can also be prepared in dimethylform amide as the solvent; in these 
reactions, sodium acetylide has proved to be particularly useful as a 
base.*^*55 Since many phosphonium salts can be readily prepared in 
dimethylformamide, the Wittig reaction can be carried out without 
isolation of the quaternary salt. 

Another method for the preparation of alkylidene phosphoranes 
employs alkali metal alkoxides as proton acceptors, usually in the corre- 
sponding alcohol as solvent.* The simplicit}' of this method is gaining 
more and more attention for it The alkoxide procedure permits prep- 
aration of unstable ylides directly in the presence of carbon3d compounds, 
thus minimizing side reactions. 

Since, unlike the reactive phosphoranes of the first group, the resonance- 
stabilized 3dides of the second group are stable tou ard h3’^drol3'sis, the3’ can 
be prepared by the action of alkali metal hydroxides on an aqueous 
solution of the phosphonium salt. The phospho^ne usuall3’’ pre- 
cipitates in cr3’stalline form and can be dried in air With sufficiently 
acidic phosphonium salts, weaker bases can also be used. For instance, 
fluorenylidenetriphenylphosphorane (11)^® has been prepared by the 
action of ammonium h3’droxide on the corresponding phosphonium salt, 
and p-nitrobenzylidenetripheny]phosphorane (12)” has been prepared 

(C,Hs)3P=CHC,H^XOi,-p 


13 

" Eggers. and Duffner, Ann . 619, 10 (1959). 

” 'Vittig and Pornmer, Ger. pet 1,003.730 (to BASF) [C A , 53. 16063c (1939)] 

** IVittig and Pommer, Ger. pat. 054,247 (to BASF) [C A . S3, 22<9« (1939)]. 

Pommer. Wittig, and Saniecki, Ger pat 1,026,745 (to BASF) [C.A.. 54. Ii074f <I960)J 
* Cerecke.Ryaer.andZctler.Ger.pat. 1,1 25,922 (to IIoffman-La Roche), 1939, correeponds 
2.912.467 IC.A., 54. 2254e {I960)]. 

Krbhnke, Chem. Btr , 83, 291 (1950). 
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using sodium carbonate as the base. Carbomethoxymethyltriphemd- 
phosphonium bromide also reacts ^vith sodium carbonate, \\'hereas 
sodium hydroxide must be used in order to convert the less acidic 
carbomethox^Tnethjdtricyclohexylphosphonium bromide to its ylide.^ 
Triethylamine^^”^ and pyridine^ have also been used for the preparation 
of resonance-stabilized alkylidene phosphoranes. 

Other methods for the preparation of alkylidene phosphoranes from 
phosphonium salts are knovui. Hydrogen bromide can be eliminated 
from triphen3dbenz3dphosphonium bromide udth metallic sodium.®^ 

[(CcH5)3l— CHoCeHJBre ^ Na {C6H5)3P=CHCeH5 4 - [H] 

EthAdidenetriphemdphosphorane is obtained in veiy^ good ^deld hr the 
action of methylsulfin^d carbanion on triphenjdethjdphosphonium 
bromide in dimethyl sulfoxide.®- Finalfr it should be mentioned that 

O 

/\ 

CH3— S ; S Nae 

CH. 

Coffmann and ^lar^'el®^ M^ere the first to prepare 3’lides b^* the organo- 
metallic route b\" alIo^ving trit^d sodium to react with triphen^dalk^dphos- 
phonium salts. 

The mechanism of ylide formation hr the interaction of organolithiuiu 
compounds with phosphonium salts was the subject of an interesting 
study.®^ The organic base not only removes a proton from the a-carbon 
atom (path A) but also adds to a certain extent to phosphorus, forming a 
presumably pentavalent intermediate which then collapses into alk\didene- 
phosphorane and a hydrocarbon (path B). The formation of benzene. 

(C,H,)3P— CHjBrC- - ^ > (CgH5)3P=CH, CH, 

It jLi 

B jciIjLI 

T 

(CJIjjjP— CH3 V (C6 Hj),P=CH. -r CeH^ 

i ! 

CH3 CH3 


^ (C6H-)3PC,H5Bre {C^Hs)3P=CHCH3 
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obtained in 20% yield, could take place only by path B. Similarly, 
interaction of triphenylmethylphosphoniura bromide with p-deuterio- 
phen3’llithium gave benzene in addition to deuteriobenzene. 


(C,Hs)3p_CHjBre + LiC,H^D 


(C,Hs) 3 P=CH 2 + C,HsD 


“I 

(f.HslsP— CH, 

I 

C.HjD 


=*‘(C8H5)2P=CH» + C«H, 


The reaction of tetraphen3’lphosphonium bromide iiith methj'Ilithium 
must have proceeded via path B exc]usivel3’’, since benzene was obtained 
quantitative 3'ield. Path A is ruled out in this reaction since the 
a-carbon atom does not carry a h3’’drogen atom. 


® II 

(CeHsliPBr© + CH3L1 > + CgHg 

These results indicate that phen3’lllthium rather than but3’’]h’thium 
will be preferred for the organometalHc preparation of yhdes, since 
but3'llithium may give rise to the formation of but3’]idene phosphoranes 
in addition to the desired 3dide. It must be stressed, however, that 


(CgHjljP—CH BrS + C.H.Li — ^ (CgH5)3P=C + CgHjj 

R, ^2 

B I R, 

I / 

{CgHj),P=C 

R. J \ 

/ ^ / CgHg Bj 

(CtHgljp— CH < 

I \ \ 

C4tt, R, \ / 

(C*Hg) 2 P-CH 

If ^2 

CHCjH, 


certain reactions proceed by path A exclusively. Thus the 
enzyltriphen3-lphosphomum bromide with methyllithium 


reaction of 
apparently 
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does not go by way of a pentavalent intonnediato, since benzene was not a 
product.®^ 

A side reaction involving attack of the base directly on phosphorus can 
also occur in the alkoxide method, but only at elevated temperatures.®®'®^ 


{CeH5)3P— CH^CeH.Cl^ 


C 2 H 3 O 6 


(^6ff5)3^ j — CH2C5H5 



(CeH5)3PO -f 


The main reaction is the reversible removal of a proton from the a- carbon 
atom. The phosphorane so obtained is in equilibrium with the alcohol, 
as shovTi by the formation of tritium- labeled y’lides on addition of 
C 2 H 50 T.^ The same method was used to prove the existence of a 


-fCJIsOT 

(CcH3)3P==CHR - 

-CjUjOT 

(C6H3)3P— chr c^H^oe 

T 


“CjUjOH 


-fCiHsOH 


(CcH5)3P=CTB 


resonance interaction in the allylidene phosphoranes in which the tritium 
label was found on both the a- and the y-carbon atoms. 


R^P- — OHCH — CHC^Hg^—^ R3P — CHCH=CHCgH^ 4 — > R3P — CH^CHCHCgHj 


-Cjiqon 


p.^pz^C— CH^CECgH^ 


R3P=CH--C'H=CCgH5 


T 


T 


far as known, these vlides react in the Wittig reaction exclusively 
on ih** sT'CarlK)!! atom, but the n,\«onancc cfTect is evident in some 
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by the cis-trans isomerization of the partial aliylio double bond which 
occurs more or less readily at room temperature. Thus the ylene 13 
reacts with cyclohexanone at —25® with the almost exclusive formation of 
the expected cw-diene 14, whereas at +40® a 20% yield of the trans 
isomer 15 is also obtained.*® In order to get pure isomers, it is therefore 



necessary to work at low temperatures. This requirement poses no 
problem in view of the high reactivity of the allyhdene phosphorancs 

Hydroxyl groups in the ylide may be protected by conversion to acetals 
or tetrahydropyranyl ethers ro-72 Example 13 shoe's that this is not 
absolutely necessary provided sufficient base is present to convert the 
alcohol to alkoxide. 

Side reactions in the preparation of alkyhdene phosphoranes from 
phosphonium salts are very rare and can usually be avoided by suitable 
choice of conditions. In fact, complications are to be expected only if the 
ylide carries a substituent in the ^-position to the phosphorus atom which 


*• Harrison and Lythgoe, J. C/iem Soc., 1958, 843. 

Inhoflen, Bruckner, and Hess, Chtm. Btr„ 83, 1850 (1855). 
Bohtmann, Bornonskt, and Herbst, Chem. Her., 93, 1931 (1900). 
’ Bohlmannand Rulinke, Chem. Her., 93, 1845 (1900). 
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is prone to nucleopMlic displacement^ or if a proton in the ^-position is so 
acidic that Hofmann elimination mQ be favored over ylide formation. 
Thus the ylides 16 and 17^ decompose very readily, as evidenced by the 
rapid disappearance of the color. 

S' 

(C6H5).P— CH, 

rl 1 “ 
o 

\/ 

c 

/\ 

CH3 CH3 

16 

Halogen atoms also may undergo an intramolecular nucleophihc 
displacement, vhich in special cases leads to cyclic products. 


(CeH5)3P— CH^M:H CHo 


17 


(CeHs)3f— CIL,-CBr (CeH.),?— CH— Ca, 

1 ! ■ - " ! i ' 

CH2— CH; SBr CH;— CH; 

Attempts to prepare a heterocyclic phosphorus ylene from the phos- 
phonium salt 18 were not successful; Hofmann elimination vith ring 
opening occurred instead."^ On the other hand, certain other cyclic 







alkylidcnc pho-phoranes can lx? pre]iarcd “ 

Tile bi'^-]»ho5phoniuTn salt 19 al*^ undergoes Hofmann elimination under 
the influence of ]dienyllit]iiiim in ether with the formation of triphenyb 
\ in\lpho'*])lK‘riiuin bromide and triphenylpho^^hine, the mono yditie 20 
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being a probable intermediate.®- 


{C,Hs)sl— CHjCHj— P(C8 Hs )3 ■ > 

Br© Br© 

19 

^ 0 0 

{C,Hj),P_CH^CH3— P(C3Hs) 3 i-MCgHsljP— CH=CH3 + (C^Hj),? 

Br© Br© 

30 

The ylide 22, a rin3’]og of 20, also eliminates triphenjdphosphine bj' a 
process involving the electrons of the central double bond.'*-” 


(CjHjljP— CHj— CH=CH— CHj— P(C*Hj )j 
Br© 21 Br© 

x«,co, 


(C.HjljP— CH— CH— CH=CH3 + (C.HjljP 
Br© 


If such unstable alkj-lidene phosphoranes are encountered in the course 
of a AVittig reaction, it is necessary to carrj-’ out the condensation with 
carbonj’I compounds vcrj’ rapidlj- and, if possible, in statu nascendi. 
Best suited for this purpose is the alfcoxide method which permits the 
addition of aldehydes or ketones before the ylide is prepared. Thus, if 
the bis-phosphonium salt 21 is treated with lithium ethoxide in ethanol in 
the presence of aldehydes,”* decomposition of the mono j-Jide 22 is 
prevented and the normal products of the Wittig reaction are obtained. 

H. Buigfr, Doctoral Dissertation. Uni^ersitat Tubingen. 1938. 

’• Ford and Wilson, J. Org. Chtm., 26, N33 (1961), 

”* Hetman. Sperna Weiland. and Hu«n,an, A'oaiall. .Vrd. Akad ir^/mrcAop. Dnic.. 
•Sw. B. 84, 165 (1961)[C..4., 55, 17562f (1961)J. 
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Bifimctional ylides with several central double bonds or with a central 
triple bond (23, 24) can be prepared without compbcation by the organo- 
metallic method, since the initially formed mono ylides are more stable 
than the mono ylide 22.®® 



23 







24 


The interaction of bases with methylene bis(triphenylphosphonium 
bromide) (25)®^ leads to interesting yhdes in which the two positively 
charged phosphorus atoms are separated by only one carbon atom. On 
addition of aqueous sodium carbonate there is first obtained the colorless, 
resonance -stabilized mono ylide 26, which is then converted under the 
influence of metallic potassium in diglycol dimethyl ether to the stable 
yellow hexaphenylcarbodiphosphorane 27. 


{CeH5)3l— CH^— |(C6H3)3 

25 


(CcH,)3R-CH— P(C,H5)3 


I XajCO, 

Y 

(CeHslaP^-CH— P(CeH5)3 ^ 


26 


K 


Y 


(CeH,)3P— CH—PCCeHsh 


(Ce;H5)3P===C=-P(C,H,)3 


A 

I 

Y 




etc. 


27 
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The same mono ylide 26 was obtained by the elimination of bromine from 
dibromomethyltriphenylphosphonium bromide with triphenylphosphine.** 


{C«Hs)3p_CHBrj + (CaHjlaP ^ {C8Hs)3P=CHBr + (C,Hs)3pBrj 
j(C.ir,),P 

(CjHslaP^H— P{C8H5)3 

Br© 

26 

In the preparation of alkylidene phosphoranes from a-haloalkyl- 
phosphonium salts and organometaliic compounds the possibility of 
halogen-metal interchange reactions must also be taken into account.®*’** 


+ CjHjBr 

(CgHjljP— CHjBr 
Br© 

(CgHjlaP^CHBr -I- CgH, 

Bromomethyltriphenylphosphonium bromide ivill react w ith butyllithium 
in ether with the exclusive formation of methylenetriphenylphosphorane, 
whereas with lithium piperidide no halogen-metal interchange takes 
place.®* 

(C«Hj)3P=CHBr (CgHjlaP— CHjBr > (CgHgljP^CH, 

Br© 

The interaction of bases with chloromethyltriphenylphosphonium 
halides leads to the formation of chloromethylenetriphenylphosphorano 
p8). Under the further influence of bases this compound undergoes an 
interesting rearrangement in uhich a clilonde ion is lost and a phenjd 
group migrates from pliosphoriis to the methylene carbon atom **•** 

•• Ramirei, Desai, and McKelvio, J. Aw- Chtm. Sof . 81. 1715 (1962)' 

•* Seyferth, Ha«ren, and Qrim, J. Org. Chtm,, 26, 17S3 (1861). 

Kebrich, Angew. Chtm , 74. 33 (1962) 

Schlosaer, Angtw. Chtm., 71, 291 (1962). 

** Hellmann and Bader. 196lv 
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Although the mechanism is not entirely clear, it may be formulated as 
in the accompanying equations.®^ 

(C6H5)3P=-chci 4- r© (CeH5)3:p— caa 

28 ^ 


I -Cl9 

Y 

o 


li \nienK = OH _ , . . . 

{CeH3)3P— CH^C.Hs ^ {C6H5)2P=CHCeH5 


R 


(K^CeHj. OH) 


^lethjdene phosphoranes in ^vhich one hydrogen atom of the methylene 
group is replaced by an alkoxide group decompose in an even moie 
complicated way. The autodecomposition of n-butoxymethylenetn- 
phem’lphosphorane (29) gave, in addition to triphenylphosphine as the 
main product, and depending on the conditions, varying amounts of 
1,2-di-n-butoxy ethylene, di-rz-butoxymethane, 1 -butene, and n- butanol. ' 


(C,H5)3P=CHOC,Hs-n 

CO nr, 

29 

^{CgHslaP 4- n-C^HgOCH==CHOC4H^-n 4- 
(w%) (ie%) 

4- C2H5CH==CH2 4- ti-C^HsOH 
V (2.4%) (1.5%) <12%) 

The mechanism has not been elucidated, but it has been suggested that 
the phosphorane 29 decomposes initially into triphenylphosphine and 
71-butoxycarbene. <-Butoxymeth 3 ’lenetripheny]phosphorane (30) and 
diphc*nox\'mcth\*lenctriphen\'lphosphorane (31) decompose in an essen- 
tialh' analogous manner,®" 


(CcH 5)3P==CHOC(CIT3)3 (CeH5)3P=-C(OCcH5)2 

30 31 

Lven these phosphoranes, however, may be used in a Wittig reaction 
b\' op^Talirig at a sunicientU* low t era jiera lure so that their rate of 
decomjK)sition is slow. 

far onK’ methods for the ])rt‘paration of alk\*]idenc phosphoranes 
winch us<' plio^phonium salts as starting materials have been mentioned. 
Then* an*, however, oilier theorr*tica]l\' very* hiterc^sting wa\\s of prepara- 
tion which do not start with pho-phonium salts. The first alkylidcne 


*• fcr. l lL,n, J?rr., C.5. (K‘^2). 
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phosphorane 1 was obtained by the thermal decomposition of the phos- 
phazine2J-® The applicability of this method remained limited, however, 

IWlaP + (CjHjljCXj 

(CjHs)3P=X-X=C(CgH5)j (C8H3)3P=C(C,H5), 

2 1 

smee thermal elimination of nitrogen usually occurs at temperatures at 
U'hich the phosphoranes are unstable. Even the similarly resonance- 
stabilized fluorenylidenetriphenylphosphorane (II) could not be prepared 
by this route.*® The action of diazomethane on triphenylphosphine in 
ethereal solution gives formaldehyde triphenylphosphazine (32),* which at 
elevated temperatures decomposes into the starting materials. 

(CjHjljP + CHjXj ;Fd (CeHs)3P=X— X==CHij 
33 

The preparation of methylenetnphenylphosphorane from diazoraethane 
did, however, succeed under the catalj^tic influence of metal salts such as 
cuprous chloride®* in the presence of triphenylphosphine.*® 

Cu© 

(CgHsljP + CHjXj > (CgHslaP-^GHj + 

Similarly other diazo compounds such as phenyldiazomethane, diazo- 
acetic ester, or diazoacetophenone have been converted to the corre- 
sponding ylides. Since the yhdes can undergo side reactions with excess 
diazo compound, it is best to generate them in tlie presence of carbonyl 
compounds if they are to be used for the preparation of olefins 
The addition of carbencs to triphenylphosphine, simultaneously 
discovered b}' Wittig,*^'** Speziale.** *^ Seyfcrtli,®* and their co-workers, 
also leads to alkylidene phosphoranes which ore used for the syntheses of 
monohalo- and 1.1 -dihalo-olefins. The action of w-butjdhthium on a 
solution of triphenylphosphine in methylene chloride at —00®, for instance, 
leads to chloromethylenetriphenylphosphorane.** ** ”-*® 

(C*H5)3P + CIIjCl, {CgHsljp^CHCI 


*• Homer and Lingtx 
*• Wittig and Schwar 
•* Wittip and Schlos* 
*' Wittig and Schlo8'!i 
•’ \Vitti» and Schlo«a< 


, .-I nn , 591, 

iibaeh. A rw/' 
, T'elmAfrf'v 
, Angrte, Ch 
Chrm Btr. 


•* Speziale, JIarco 
Speiialo and Ri 
•* SejferUi, Gnni. 
•• Sejfefth. Cnin, 


,nd J- 

i,J. Am. Chtm 
nd Read,,/. Am 
id Read,./. Am 


, 135 (1955) 

efe.CArw.. 71. 65i (1959). .^aa., 
a, IS, 10J3 (1902), 
rm.. 79, 323 (I960). 

,,94, 1373 (1961) 
m CArm. Sof., 89. 1260 {I960) 
.Sof.. 84. 854 (1962). 

• C>ttm Sof.SS, 1310(1960). 
i.CAem.J'oe„83, 1617(1961). 


650. 1 (1901). 
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In an analogous manner dihalomethylene triphenylphosphoranes were 
prepared from triphenjdphosphine, haloform, and potassium f-butoxide 
in heptane.®^*®^ The preparation of difluoromethjdenetriphenylphos- 

IvOC TT i 

+ CHX 3 (CeH 5 ) 3 P=CX 2 

(X=:C1, Br) 

phorane®^ by a similar method could not be reproduced.®^ 

Dihalomethylene triphenylphosphoranes can also be prepared in good 
yields by the a ction of triphenylphosphine on tetrahalomethanes . Heating 
a mixture of triphenylphosphine, carbon tetrachloride, and benzophenone 
to 60° for 4 hours, for instance, gave 1,1 -diphenyl-2, 2 -dichloroethylene 

(33) in 78%yield.82*®® 

2(C6H5)3P -f- CCl^ (CeH5)3P==CCl2 4- (CeH^lgPCl^ 

(CcHslaP^CCU (CgHslgC^O - 3 . (CgHsl^C^CCU 4- (CgHslsPO 

33 

2(CeH5)3P + BrCCOj -> (C(;H5)3P=CCl2 -f (CsH5)3PBrCl 
2(C6Hs) 3P -f CI 2 CF 2 (C6H5)3P=CF2 (C6H5)3PCl2 

2(C6H5)3P -f CBr^ (C(;Hs)3P=CBr2 + (Ce;H5)3PBr3 

Similarlj', tetrabromoinethane reacts ■\vith triphenylphosphine in 

methj'lene chloride to give dihromomethjdenetriphenylphosphorane, 

"which "was trapped with henzaldehj’de to give 5,j5-dihroniost"vrene in 84% 
yield « 


(CcHs)3P==CBr; -r CcH^CHO -* CeH5CH==CBr2 -h {C(;H5)3PO 

Bcnzoqiiinone and triphenylphosphine readily comhine to gi^'c 
ycllow-green resonance-stahilized phosphorane 34.®^ 



34 



THE WITTIG reaction 091 

Another method for the preparation of resonance-stabilized alkylideno 
phosphoranes uses triphenylphosphine dichloride as a starting material 



Finally, the phosphocyanine dye 35,^®® a resonance-stabilized phosphorane, 
may be considered to be a substituted vinylog of the mono ylide 26. 


© 

SiCjHslaP—CHjiCOjCjjHg + (CaHsOljCHCHjCHtOCsjHslj 

Cl® 

I CiHjir 
In&cio, 

CH=cii— CH=c— :^(C bHb), cio.e 

( ( 

COjCjHs COjCjHj 

35 

Reactions of Alkylidene Phosphoranes 

Some of the reactions of the Wittig reagents reflect their markedly 
basic properties. All ylides react with acids to form phosphonium salts.* 

(C,Hj)3r==CH, -t HCl -> CHj 

CJO 

Similarly, hydrolysis* of unstable nikyhdeno pliosj)horanes gives 
phosphonium hydro.xides whieh usually deeoiufiose irreversihly into a 
phosphine oxido and a liy<ln)earhon,'®* The most eloctronegativo group 
>s always remove<l from phosphorus. 

(CbUjIsTwciIj (rBiij)sP— cHj ► (c.n.J’cir, + c,ir, 

>*» Kuki.llH, K«»>riM.w, h.mI DoU. M'l't. Nflu* SSSIl, UO, 601 (1981). 

*•> Konu.ii ai..| I'Ah.., 1091). 
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In order to hydrolyze resonance-stabilized alkylidene phosphoranes it is 
necessary to apply elevated temperatures and to use aqueous or alcoholic 
solutions of alkali metal hydroxides, as shown in the example of fluorenyli- 
denetriphenylphosphorane (11) 



Hydrolysis of acylalkj’lidene triphenylphosphoranes^^*^’ gives ketones; of 
carbomethox^^alkylidene triphenylphosphoranes,^ carboxylic acids. lo 


(C6H5)3P=CC0R' {CgH5)3PO -f RCHjCOP.’ 


HO- 


R 


(CcH 5)3P=CC02CH3 ^ (CeH3),PO 4- RCH,COoH -f CE^OBi 

j HO- 

R 


certain cases, phosphonium hydroxides are quite stable. Hexaphenyl- 
carbodiphosphorane (27), for instance, dissolves readOy in water to give a 
strong diacidic base (36) that can be titrated with hvdrochloric acid. 
The elimination of benzene with the formation of a new vlene 37 which is 
stabilized by a phosphoryd group occurs onlv verv slowlv,^^ 





CTI^— PtCeH^). 
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The addition of alkyl halides to alkylidene phosphoranes leads to 
phosphonium halides.“'^o* 


(CH,)jP=CHj + CH3I -> (CHslJ—CHjCHj 
le 



le 


Similarly, trialkyloxonium fluoborates give the correspondmg phos- 
phonium fluoborates .^02 i“ 

00 @1 

(C,H5),P=CHC,H5 + (CjHjijOBF^ ^ (CjHjljP— CHC.Hj 
BF ,9 


Hesonance-stabilized 3dides are not necessarilj’ attacked on the a- 
carbon atom. Acjdmethjdene triphenjdphosphoranes, for mstance, are 
alkylated on oxj-gen.^^ 

9 

(C«Hs) 3P=CH— CR + CjHjI -♦ (CgHjljP— CH=CR 

il I 

O 19 OCjHs 


Carbometho.V3Tneth3’lenetnpheny]phosphorane, on the other hand, is 

ablated on carbon.^o.iw 


<W)3P=CHC03CHs + BX 


(C,Hs),P 


CHCO*CH, 

I 


X*=' R 


Plectron-^vithd^a^ri^g group. R, will increase the acidity of the newly 
formed phosphonium salt relative to that of the unsubstituted one, and 
the salt therefore reacts n-ith excess starting 3dide by trans yhdation with 

10 * " '*“’s Riebcr, Ann.. 562, 177 (1949). 

, Tttrahednn UtUrg, 1963 , 1017 . 

Beatmann and Sch«n. Ttimhtdron Utters, 4, 5 (1960). 
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formation of a new pliosphorane.^^*^®^ 

9 

(CsHs) 3P CHCO2CH3 + {C6 Hs) 3P=CHC02CH3 

X© R 

(C6H5)3P=CC0,CH3 + {C3H5)3PCH2C02CH3 

R X© 

The substituted carbomethoxymethylene phosphoranes yield, on hydrol- 
ysis, carboxylic acids in which the carbon chain of the alkyl halide used 
for the alkylation has been extended by two carbon atoms. The result 
is similar to that of a malonic ester synthesis. 

If phenacyl bromide or other a-bromo ketones are used as alkylating 
agents, the initially formed phosphonium salt undergoes a Hofinann 
elimination instead of tra ns ylidation, ^vith the formation of a,/3-unsaturated 
y-ke tonic esters 

CH— CO2CH3 ^ (C6H5)3P=CHC02CH3 

Br© ^1 

COC5H5 

I 

CHCO2CH3 c 

(C6Hs)3P (C6Hs)3P— CH,C0,CH3 

CHCOCeHs Br© 

Similarly the reaction of phenacyl bromide "vrith benzoylnieth3'lenetTi- 
phcnj’lphosphorane gives mainlj* tran-s-dibenzoylethjdene (38); the 
formation of some tra?w-tribenzo5*lcyclopropane (39) in this reaction 1^ 
to the proposal of a carbene mechanism.^®”*^^ 

(C*Hj),Pv-^CHCOCjHj 4- CtHjCOCHjBr [C^H.COCH:] -f- (C4Hj)jPCHXOC«Hs 



COCJlj 


39 
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The postulation of carbene intermediates is not necessary since, as will be 
shown later, ylides are capable of adding to activated double bonds with 
the formation of cyclopropane derivatives. Phosphoranes containing 
halogen atoms can undergo an intramolecular carbon alkylation^-*® and 
may thus be used for the sjmthesis of cyclic compounds such as phenan- 
threne.*® ^ r 



Alkylidene phosphoranes react readily w ith acid chlorides. The initially 
formed phosphonium salts undergo trans ylidation very easily owing to the 
strongly electron- withdrawing effect of the acyl group.^*-^*-*® **“ 

(C*Hs) 3P=CHR + R'COCl -> (CgHjlaP CHR 


(CgHsljP^CR + (CgHjljPCHjR 


Strongly basic ylides may eliminate hydrogen chloride from acid chlorides 
containing activated a-hydrogen atoms (e.g., phenylacetyl chloride). 
The ketenea so formed react with the alkylidene phosphoranes to give 
®-Uenes,®* 

Chloroformic esters and alk3didene triphenylphosphoranes react to give 
carbalkoxymethylene triphenylphosphoranes,*** 

2(C8H5),P=CHR + CICOjCHs-^ 

(CgHs),P=CRC03CHs + (CgHjlaP— CHjR 


®**t*i»ann and Hiberlein, Z. A’alvr/orfeh , 17b, 787 (1982). 
m „**"*""• Telrattalron Letlert, 4, 7 (1980). 

watmann and SchuU, An{ini>. Chtvt., 73. 27 (1961). 
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In a reaction similar to that of acid chlorides, carboxylic esters react 
with alkylidene phosphoranes with the formation of phosphonium 
alkoxides 2 


{C6H5)3P=CH2 + CgHsCO^C^Hg 


(CeHslsP— CH^COCfiHs 





(C6H5)3P=CHC0C6H5 -f C2H3OH 


Using thio carboxylic acid S -ethyl esters, a convenient method for the 
preparation of acjd alkylidene triphenylphosphoranes Avas developed. 
Removal of the volatile mercaptan shifts the equilibrium from the 
initially formed phosphonium ethyl mercaptide completely to the side 
of the corresponding ylene. Compared Avith the acylation Avith acid 


(C6H5)3'P=CHR -f RUOSCgHg -> (CgHslgP CHR 



(C6H5)3P=CRC0R' -f C0H5SH 

chlorides, this method has the adA^antage that the components may he 

used in a 1 ;1 ratio since deprotonation of the initially formed phosphonium 

sa t IS carried out b}' mercaptide ion and not by an excess of the starting 
> cne. In addition, the possibility of ketene formation is reduced, and, 
ymids arc usually considerably^ liighcr, 

. foimic estoi-s, which may be considered to contain both an aldc- 

lA i and an ester function, phosphoranes react to giA^e different products 
conditions used. Adding an ylidc to an excess of 
u ornmti, rc^sults in the normal ester reaction products, in this case 

Jormylethylidenetriphenylpliosphorancy'^*^ 

^ HCOXJI, 

(CcIrJ’ 

c.HjP 


-CHR ^ (CcHslaP^Cn -r C.HjOH 
Clio 


CHO 
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Inverse nddition, on the other hand, yields the products of a Wittig 
reaction, namely, an enol ether and triphenylphosphine oxide.*“ 


An explanation for these differing results may possibly be found in a 
solvation of the positively' charged phosphorus by excess formic ester. 
In the first case, such n solvation might preclude the Wittig reaction by 
making a nucleophilic attack of the oxygen on phosphorus impossible; 
the zwitterion 40, uhich is probably initially formed, therefore collapses 
in n difTcrent n ay. Supjiort for this explanation is found in the fact that 


© 

(CjUjiaP— Clin (C,irj),p — chr 

'-O— CliOCjHj CjHj03 CHO 

40 

lithium bromide, which is known to shield phosphorus by complex 
formation,*” increases the yields in the above-mentioned reaction of 
alkylidenc pbosjihoranes nith normal esters^- in which a side reaction 
involving attack of the oxygen on phosphonis must also be expected. 
The imidazolidcs, nhich are related to acid chlorides and esters, have 
been found to be particularly useful m the preparation of acyialkylidene 
triphenyl phosphoranes.*'® 

© 

2(C,irj)3l*=CHR -I- R'COIm -*■ (CjHjljP^^CRCOR' -h (CgHsljP— CHjR 


CHR 
-H 1! 

CHOCjH, 



Using N-formylimidazoIe, tlie corresponding formylalkyhdenc triphenyl- 
pbosphoranes (41) are obtained; with N,N'-carbonyldjimidazole, carbo- 
imidazolidoalkylidene trijihcnylphosphorancs (42)**® are formed. 


(C,IIj),r=CHB 



(C.HdjP^CRCllO (C,R5)3P=GRCOIm 

41 ** 


"» Pommet WiUig, Gw. r«t. <to BiVSFl (Chem Zmtr., 1959 . 13377). 

ixpcrgolson and Shemjakiti, Tetrahtdron, 19, 149 {1963). 

‘x Uestmaiui, Sommi'r, and Staab, Angev CT*™.. 74, 293 (1862) 

X* Staab and Sonwner, Angew, Chem , 74, 294 (1962). 
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The interaction of halogens with resonance-stabilized ylides, such as 
carbomethoxymethylenetriphenylphosphorane and acylmethylene tri- 
phenylphosphoranes, gives halogenated alkylidene phosphoranes.^^’^'^^^ 

(CcHglgP^CHCOR X2 > 

(C6 Hs) 3P— CHXCOB (C6H5)3P=CXC0R 

xe 

(X = C 1 , Br, I; B = CH30, CgHgO, CH3, CgHg) 

The use of iodobenzene di chloride®® or ^-butyl hypochlorite®® in place 
of chlorine has been found to be advantageous. Elimination of hydrogen 
halide is effected either by trans ylidation using excess phosphorane or by 
addition of bases such as sodium hydroxide, triethylamine, or pyndine. 

The reaction with halogens is not limited to resonance- stabilized 
alkylidene phosphoranes, as is shown by the reaction of dibromomethylene- 
triphenylphosphorane with bromine, which leads to a product that 
cannot eliminate hydrogen halide 


BrS 

Hexaphenjicarbodiphosphorane ( 27 ) also reacts readily with bromine in 
methylene chloride.®^ 

(CeH5)3P=C=P{CcH5)3 -f Brg (CcH5)3P=C— P(CeH5)3 

I 

Br BrS> 

27 

Interaction of ac3iatcd carbomethoxyTnethjiene triphenjiphosphoranes 
vith phosphorus pcntachloride or Vilsmeier reagents, on the other hand, 
gi\es phosphonium salts halogenated in the ^-position to the phosphorus 
atom. H\'droh’sis of these products gives alk^mc carboxylic acids. 


ae 


CO.CH. 

s 

C0~-C— K 


rci. e 

^ ^ — C0-»CIT3 

t' " XaOII ' 


H.O 


(fVlislal'O -f RCi-CCO.H -f- dljOH -f IICl 

Phovphonium salts suhstitaited In* phosphorus on the a-carhon atom 
an‘ ohtainc<i in the reaction of alkylidene triphenylphosphorancs with 

*** MftrV.t, An^r'j-, C*Kr^,^ 74, 21T (1 902). 
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phenyldibromophosphine, diphenylbromophosphine,“* or tripbenylphos- 
phine dibromide.®* 

Metalloidal, tin, and mercury halides undergo an interesting nucleophilic 
displacement of halide ion under the influence of ylides.^®®“>*2 fpjjg 
products are phosphonium salts substituted on the a-earbon atom by 
metalloids, tin, or mercury'. 

(C,H5),P==CKj + (CHjljSiBr -> (C,H5)5PCHjSi(CH,)3 
Br© 

AUcj’lidene phosphoranes are also capable of cleaving silicon-silicon 
bonds; for instance, methylenetriphenylphosphorane reacts with octa- 
phenylcyclotetrasilane with opening of the ring.^*® 
lletals may be used as reducing agents for ylides. Thus zinc in acetic 
acid converts acj'lmethylene triphenylphosphoranes to ketones and 
triphenylphosphine 

(C,Hs),P=CHCOC,Hs — (C,H.),P + CH,COC.H. 

• 5 J S 5 cHjCOjH ' » 3 is 

The same result is obtained with Ranej' nickel, but triphenylphosphine is 
unstable toward Raney nickel and cannot be isolated.^ 



II 

P(C,H5 )j 


Reduction of ylides with lithium aluminum hydride takes a different 
course. One phenyl group is removed from phosphorus uith the formation 
of benzene.**® 

(C,H5)3p==CHCOCgH5 (C^HJijPCHjCOCgHs + CgH, 

The reactive alkylidene phosphoranes are easily oxidized. They are so 
sensitive to oxygen that their preparation has to be carried out in an inert 
atmosphere. Oxidation leads, initially, to triphenylphosphine oxide and 
a carbonyl compound; the latter undergoes a Wittig reaction with 

*'• Sej forth «md Brfindle, J. Am. Chem. Soe., 83, 2055 (1961) 

*** Gnm and Seyferth, Chtm, Ind {London), 19S9, 849. 

**' Seyforth, Anffev. Chtm., 72, 36 (1960). 

Seyforth and Grim, J. Am. Chtm Sot., 83, 1610 (1961). 

**• Gihnan and Tomasi, J. Org. Chtm., 27, 3647 (1962). 

•** Sebdnberg, Brosowski, and Singer, Chem. Btr., 95, 2984 (1962). 

*’* Saunders and Burchman, Tetrahedron Letiers, 1, 8 (1959). 
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uixoxidized ylide to form the symmetrical olefin in which both halves 
come from the allcylidene phosphorane.^^^'^^^ 


(CeH5)3P=CRR' ^ O 2 


(C6H5)3P0 


R 

\ 

c=o 



B 

R 

R 

R 

/ 

\ 

\ 

/ 

(C6H5)3P=C 

4- c=o -> 

c=c 

\ 

/ 

/ \ 


R' R' R' R' 


By this method, vitamin A was converted to ^-carotene (44) via axer* 
ophthylenetriphenylphosphorane (43) 



Oxidation of bifunctional ylides maj' lead to ring closure^^ as, for 
instance* in a sjm thesis of phenanthrene. Peracetic acid can be used 



instead of ox\gf*n as tlir? oxidizing agcnt.^^^ This reagent is also capable 
of oxidizing the ix^sonanco-stabilized ylides such as acylalkylidene and 
carbalkoxyalkylidene Iriphonylpho^phoranes. 
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triSSTir"'* ■“ <i‘Pl'onytae,hyk„e. 

triphen>]pJio phorano reacts ^^ith elemental sulfur to give tripLyl- 

& ,ir “'1 " of the low refclivHy 

ol the phosphorane, a further reaction did not take place .• 

(C«H5)3P=C(C6H5)2 + 2S (C^Hjl^PS + 

In their capacity as nucleophiles, alkylidene phosphoranes can add to 
c ivated double bonds. Depending on the nature of the substituent, 
inymtially formed zmtterion 45 can stabilize itself in three different 

H2 R4 ^2 jRj 


(CeHj)3p=CHRi + 


R5 


Ri 


K 


► (CjHs),P— CH— C— C© 

I I I 

Ri R3 R5 


Rj n. 

© I I 

- (CgHjljP— CH— C— C© 

I ( I 

Rj R3 Rj 


Rj Rj 

I ( 

► (CgHj)3p=. C— C— CH 

I I I 

Ri R3 Rj 


(C8Hs) 3P— CH— C=C Rj© 

I I I 

Ri 1^3 Rj 


(C.He),P=C— C=C 

I I I 


Formation of a cyclopropane derivative 46*^ by elimination of tri- 
phenylphosphine (path A) is preferred if Rj is a group ^shich is not 
electron- withdrawing, e.g., hydrogen or alkyl. This is illustrated bj' 

”• aUchoulain and Sondheimcr. J. Am. Chem. Soe., 80, 4386 (1958). 

Freeman, C/)tm. Ind. (IWon), 1959, 1254. 

Bestmann and Seng, Angme. Ch<m., 74, 154 <1962). 
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the reaction of 9-n-butylideneflnorene Trith Tz-hntylidenetiiphenyl- 
phosphorane, which yields the spiro compound 50.^ 



Llichael addition of the alkylidene phosphorane to the double bond to form 
the new ylide 47 (path B) occurs preferentially if is an electron- 
'\\ithdra'v\ing group capable of resonance interaction.^^- 


(CcHs) 3B^=CHC02CH3 -i- Cj:H5C0CH=CHC02CH3 

COCgH^ 

{CcH-)3P=C>--CHCBUCO.C^ 

I 

C03CH3 

Path C is possible only if B 2 or B 3 are substituents capable of forming 
stable anions such as ethoxide or cyanide.^ 

(CeH.l.P^CHCN C.H^OCH^CCCOX^Hj), ^ 
(CeHs)3P=(>-CH=C(C02C2H5)2 C^Hj^OH 
CN 


As expected, the AVittig reagents add to the electrophilic derivative:? 
of iri valent boron, such as boron hydrides boron halides, 
and triphcnyllKJron.^^''"'”^^'^ 
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2(C,H5)3r=Cim + BjHg -► 2(CeHj)3p— CHRBHj 
(CeHs) 3 p=CHj + (CH 3 ) 3 N— BHj ^ (CgH 5 ) 3 p— CH 3 BH 3 
jllAlE, 

(CgH5)3p=CHj + BF3 -V {CjHs) 3P— CHjBFj 

|c,n,Mgx 

(C*H5)3p=CHj + B(CgH5)3 (CgHgjaP— CH3B{CgHj)3 

The reactions of alkylidene phosphoranes ivith a number of diazo 
compounds and diazonium salts are also of interest. Even the relatively 
unreactive cyclopentadienjdidenetriphenylphosphorane (10) is readily 
attacked by benzenediazonium chloride. Strikingly, addition does not 
occur on the j’lide carbon but in the 2-position, giving rise to the longest 
possible conjugated system. The other resonance-stabilized Wittig 


PtCgHglg ®P(CgH5)3 

II I 

1^ ^ CgHgN3®Cie - 

10 

©PtCgHgla PtCgHgla 

Q<n-kc,h, - 

^^agents are attacked by diazonium salts in the normal fashion on the 
*-carbon atom. ^^2.113 The arylazoalkylphosphonium salts 51 so obtained 
can be converted with bases to arylazoalkylidene triphenylphosphoranes 

( 52 ), 

(^«IIs)3P=CHR + C8H5Nj®X© -► (CgHglaP— CHR— N=N— CgHj 

X© s‘ 


(CgH,)3P=CR— N=N— CgHg 
S2 

M Levy, J. Org. Chtm , 81, 1333 (1956) 

(I "Id Levy, 7. Am. Chtm. Soc., 79. 6167 (1937). 

•1 0'S- OAem. 23, 2035 (1958). 

„ Letlert, 1981 , 807 . 

51arkl, Z. Katur/ortch., 17b, 782 (1962). 
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Strongly basic ylides (e.g., R — CgH-) furnish arylazoalkylidene phos- 
phoranes (52) by irans ylidation mthout the addition of bases. Further 
reaction leads to the formation of bis-arylazoalkylphosphonium salts (53). 


^ - el 

ex X=X— CfiHs 

53 

If R = CO 2 H. subsequent elimination of carbon dioxide and hydrogen 
halide leads to bis-azoarylmethylene triphenylphosphoranes.^^ 

From benzj’lidenetriphenylphosphorane and aliphatic diazo compounds 
of structure 54, mixed azines 55 are formed.^^ 

(CeH5)3P==CHCeH5 4- R'CO— C— Xo 

1 

R 


(CeH^)3P->^CHCeH5 

rri 

-X— X=CR— COR' 


54 

C6H5CH=X— X=C{R)COR' 
55 


The same phosphorane reacts 'svith phenyldiazomethane in a similar 
fashion to give benzalazine (56).^ 


(C6H5)3P=CHCeHs ~ CgHsCTlX, ^ 

<CcH,)3AcHCcH3 

CcH3CH==X~-X=CHCcH5 

56 

An unexpected result ^vas obtained in the interaction of diazoaceto- 
phenone with benzo\'lmethylenetriphenylpho 5 phorane to the 

heterocyclic product 57, The only fact pertaining to the mechanism of 
this reaction is that the lK*nzylidene group of the pvran derivative 
dcTivc‘d from the diazo eomj>ound.^’^'^^"^ 

-- CeH^COCTlX, 

CHC.H^ 




o-^ 




- I’iCJi.'jPO 
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The reaction of benzylidenetriphenylphosphorane with phenyl azide 
resembles that with diazo compounds.**^ The triphenylphosphine, which 
is formed in addition to benzylideneaniline (58), reacts with excess phenyl 
azide to furnish tetraphenylphosphine imide (59). 


(C,H5)jP^CHC4Hs + C.HjXs 




©NCjHs 

C,H5 CH=XCbH 5 + {CbHsIjP^N-CbHs 


58 59 

Of the further reactions of alkylidene phosphoranes, only those with 
carbonium and nitrilium salts will be mentioned.^'® In both cases 
nucleophilic attack by the ylide occurs on the carbon atom with the initial 
formation of substituted phosphonium salts, which may react further with 
bases. 

The preparatively most important aspect of the alkylidene phosphoranes 
is without doubt their reaction with carbonyl compounds to form olefins. 
The details of the Wittig reaction are discussed in the next section. 


MECHANISM AND STEREOCHEMISTRY 
Mechanism 


Definitive kinetic studies of reactions of unstabilized alkylidene 
phosphoranes have not yet been made. In fact, it is not possible at 
present to make a final statement about the mechanism of the Wittig 
reaction. Using the available facts, it is possible, however, to outline the 
path of this complex reaction. 

Olefin formation from alkylidene triphenylphosphoranes and carbonyl 
compounds occurs by way of the intermediates shown in the accompanying 


/ 

tCeHsljP=C 

\r. 




(CbHsIjPO + 


/R. 

c=c 

B 


Hoffmann. C*«m. Bet., 95, 2563 (1962). 




306 


ORGANIC REACTIONS 


fonnulation. In the first step, nucleophilic addition of the alkylidene 
phosphorane in its ylide form to the polarized carbonyl group gives 
the phosphonium betaine 60. As a consequence of the great afiinity of 
phosphorus for oxygen and the possibility of expanding the valence shell 
of phosphorus to 10 electrons, a P — 0 bond is formed next, giving rise to 
the four-membered ring compound 61, which then collapses into triphenyl- 
phosphine oxide and an olefin. 

Experimental proof for the formation of a zvdtterion in step A of the 
reaction was obtained from the interaction of methylenetriphenylphos- 
phorane vnth. benzaldehyde.^ The zvdtterion 62 is stable at room 
temperature and may be characterized as its hydrobromide 63. The 


(CgHslsP^CHg -f CeH^CHO ^ 

© Acid © 

(CeH.)3PCHi.CHC,H5 (CeH5)3P-CH3CHC6H5 


Base 


o© 


62 


Br© OH 

63 


(CeHjlaPO -f 


action of phenyllithium on the )9-hydroxyphosphonium salt 63 regenerates 
62, which must be heated to 65° for an extended period in order to efiect 
decomposition into triphenylphosphine oxide and styrene. 

Initial formation of 62 has also been postulated for the reaction of 
triphenylphosphine vdth stjTene oxide. ^ Since ring opening of the 
epoxide requires a temperature of 165°, the reaction proceeds directly to 
stjTene and triphenylphosphine oxide. 


(CnH,)3P 


CgHXTI CH. 


165 ’ 


o 


G 

(CcHjlaPCH.CHCcHs (CeH^)3PO -f 
O© 

62 

This is a general method for the conversion of epoxides to olefins. For 
c.xample, cinnamic ester is obtained in 82% yield from phcnylglvcidic 
ester. 


— ^CHCO.K (CJl^laPO -f CJI^^CII^CHCOJt 
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A stereochemical investigation of this deoxygenation reaction confirmed 
the mechanism proposed.^*® It was found that tributylphosphine reacts 
with cts-2-butene epoxide to form mainly ira7M-2-butene, whereas trans-2- 
butene epoxide gives mainly cts -2- butene. 



An ionic intermediate has also been proposed for the reaction of cyclic 
carbonates with phosphines.^'*® 


CHj— CHj 

R 3 P + 0 O 

X/ 

C 

II 


RjPCHjCHj 

I 

oe 


B.P— CHj 

) I -- RaPO + CHj=CH, 
O— CHj 


The isolation of unusually stable intermediates in a Wittig reaction has 
been reported recently Interaction of diphenj’lketene with isopropyl- 
idenetriphenjdphosphorane gave a pale yellow crj'stalline compound, 64, 
which cleaved to triphenylphosphine oxide and 1 (l-dimethj'l-S.S-diphenyl- 
allene only at temperatures above its melting point (140°). Hydrogen 
(C,H5)jP=C(CH3)j + (CgH5)5jC=C=0 — 

(C,Hs)jP— C(CHs), (C,Hs),P--C(CH,)j 

eo— C=C(C,Hs)a 0=C— C(C,Hs)j 

(C,H5),P0 + {CH,),0=C=^C(C,Hs), 


Boskin and Denney, CTew. /"d. (London), 1959, 330. 
Keongh and Crajson,./. Orj. CStm., 27, 1817 (1903). 
**• Wittig and Raag, Chetn. Btr., 9S, 1535 (1963), 
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bromide and methyl iodide attack compound 64 on carbon. In view of the 
relatively small dipole moment of 4,34 D, it cannot be said with certainty 


le 

(CeH5)3l-^C(CH3)2 

I 

0=C— CCCeHslj, 

CH3 

whether 64 has the structure of a zwitterion or that of a four-membered 
cyclic compound like 61, 

The final step C of the Wittig reaction, cis elimination of triphenyb 
phosphine oxide by way of the four-membered ring compound 61, is 
formally’’ related to the decomposition of a phosphonium alkoxide into a 
phosphine oxide and a hj'drocarbon.®" 


Br© 

HBr (C6H5)3P-C{CH3)2 

^ I _ 

0=CCH(CgH5)2 


{CeH3)3P- 


eo- 




"-R 


2 B 


-R, 


60 


(CeH5)3R 


1 \ 


1 \ 

O 1- 






- c 


(C,H5)3P0 


1^ 

-c. 


-R3 

"R4 



(CH3),p_cn, 


-OCjHj 


(CH^l^P-— CH 



(CH,)3P0 -4- CjHg 


Since it has never been o])ser%*ed that stop C is the slowest and. thcrt*fort*» 
the rate-determining step in a Wittig reaction, it cannot l>e decided at the 
pre^’^nt moment whether the four-nK‘ml)ered rinc compound 61 with a 
jHmtnvalenl ]»ho‘^phorus atom is actually an intermediate or a transition 
st.ate. DejHmdmc on the reactants, however, either step A or B may 
iK'come rat.‘.drterminiiur. Studies of the interaction of fl u o rcnyl id ene 
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phosphoranes with a number of substituted carbonyl compounds showed 
that, with resonance-stabilized phosphoranes. the first step, formation of 
a betaine, is rate.determining» « » Introduction of electron-with- 
drawing substituents into the benzaldehyde molecule resulted in an 
increased rate of reaction with fluorenylidenetriphenylphosphorane (11). 
The reverse was true with electron-releasing substituents. No reaction 



yO,XC,H,CHO 86 

p-ClCjJIiCIIO 03 

C,jr,CHO 84 

p-cir.oc.UjCno 37 

p-CCltjIjN-CgH^CHO 0 


Was observed with ketones such as acetone, benzophenone, 4,4'-dinitro- 
benzophcnone, and fluorenone, but 2,4,7-trmitrofluorenone and the 
phosphorane 11 gave the corresponding olefin in quantitative yield. 

A characteristic feature of resonance -stabilized phosphoranes, for which 
addition of the ylide to the carbonyl group is the critical step, is that 
replacement of the phenyl groups by alkyl groups facilitates formation 
of olefins. This is the result of the fact that electron-releasing groups on 
phosphorus result in a larger contribution to the ground state of the more 
reactive ylide form. Replacement of the phenyl groups in 11 by n-butyl 
groups does, indeed, give rise to a considerably more reactive phos- 
phorane,*® which under otherwise equal conditions gives almost quanti- 
tative yields of olefins with all the benzaldehyde derivatives mentioned 
above. In addition, it will react with a number of ketones which are 
completely unreactive toward the triphenyl derivative II. Thus good 
yields of olefins are obtained with 4,4'-dinitrobenzophenone as ^yell as 
with m- and p-nitroacetophenone ; the unsubstituted ketones will not 
react. Replacement of phenyl groups on phosphorus by alkyl groups such 
as methyl*®'*®! or cyclohexyl*® has a favorable effect on the yields of the 
Wittig reaction of other resonance-stabilized alkylidene phosphoranes 

*“ Trippett and W’alktr, Chtm. Ind. {London), 1960, 933. 
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as weU. In no case was it possible to isolate betaine intermediates sncb as 
60 or 62. Addition of hydrogen bromide gave only starting materials 
and end products, a result which again supports the assumption that A 
is the slowest step, followed rapidly by steps B and C. 

Recent kinetic studies with resonance-stabilized alkylidene phos- 
phoranes indicate that the over- all reaction is best described as a slow, 
reversible formation of the betaine (rate-controUing) wdth rapid decomposi- 
tion of the betaine into phosphine oxide and olefin.^^^^^ 

A completely different case is the interaction of carbonyl compounds 
wdth the reactive alkylidene phosphoranes, which constitute the majority 
of the Wittig reagents. Here the addition of the ylides to the carbonyl 
compounds takes place within a few^ minutes, w^hereas the subsequent 
decomposition of the betaines into phosphine oxide and olefins often 
requires prolonged standing at room temperature or heating for a number 
of hours. Step B, decomposition of the betaine, is therefore rate -deter- 
mining. Consequently electron-releasing groups on phosphorus, despite 
their facilitation of step A, wiU impede the subsequent decomposition via 
the four-membered cy^chc intermediate, since the phosphorus is less able 
to accept the anionic betaine oxygen. Thus interaction of benzophenone 
with meth^ienetrimethylphosphorane led only to the betaine 65, which 
could be characterized as the hydroiodide, w'hereas meth 3 ienetriphen 3 d- 
phosphorane^ under the same conditions gave an almost quantitative 3 ield 
of olefin. Prolonged heating of the betaine 65 in tetrahydrofuran w’as 

(CH3)3P=CH2 (C^U^),CO 


(CH3)3P- 
16 

required in order to effect decomposition into trimeth 3 iphosphine oxide 
and 1 ,l-diphcn\*Ieth 3 *Icne. but even then the 3 ield was less than 40%.*^^*^^ 
A number of other metlndcne phosphoranes (66a-e) containing clectron- 
relejvsing groups on phosphorus have also been investigated.^^ In agree- 
ment Avith the as.sumption that electron -releasing groups on phosphoru-*^ 
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considerably decrease the actiration energy for step A, it was observed 
that betaine formation was very rapid for each compound. The sub- 
sequent decomposition of the betaine hy steps B and C, however, was 
more difficult in all examples and in some did not occur at all. 


(p-CH,C,H4)3p=CH, (j).CHjOCgH4)3P=CHg (o.CH 30 CeH 4 ) 3 P=CHj 

66a 666 66c 


Since the polarity of the carbonyl group is of little consequence when 
the second step of the Wittig reaction is rate-determining, differently 
substituted aldehydes or Icetones will usually give olefins in about the 
same jneids. It is striking, furthermore, that the reactive phosphoranes, 
unlike the resonance-stabilized phosphoranes, react more readily with 
benzophenone than with benzaldehyde. Nucleophilic attack on benzal- 
dehyde will in each case be easier than on the less reactive benzophenone 
and, consequently, reaction with the aldehyde ^^ill be preferred by the 
phosphoranes of low reactivity where the first step of the Wittig reaction 
requires the larger activation energy. However, introduction of phenyl 
groups on the ^-carbon atom will facilitate the decomposition of the 
betaine into phosphine oxide and olefin (i.e., the rate-determining step 
with the reactive phosphoranes), and this will result in a more rapid 
collapse of the benzophenone adduct as compared with the benzaldehyde 
adduct. In general, it may be said that, whenever reaction of an ylide 
with benzophenone is faster than ivith benzaldehyde, the second step of 
the reaction, the decomposition of the betaine, is rate-determining. This 
explains why a number of resonance-stabilized alkylidene phosphoranes 
will react exclusively with aldehydes but not with benzophenone, whereas 
some of the reactive phosphoranes will interact readily with benzophenone 
but not with benzaldehyde. It also makes clear why betaines can usually 
be isolated only when benzaldehj^de is used as the carbonyl component, 
whereas the benzophenone adducts as a rule are much less stable. Only 
from the methylene phosphoranes f>6d and 66e was it possible to isolate 
adducts ivith benzophenone, since decomposition of the betaine is rendered 
extremely difficult as a consequence of the high electron density on 
phosphorus but even these adducts are less stable than the corre- 
sponding benzaldehyde adducts, w’hich cannot be decomposed into olefin 
and phosphine oxide. The marked stability of the ketene adduct 64 is 
probably due to its stabilization by resonance. 
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Stereochemistry 

Experiments ^vith the optically active phosphonium salts 67 showed 
that the Wittig reaction takes place vrlth retention of configuration on 
phosphonis.^^'^^' 


CH^CH3 CH^CH3 

6 i 1. CeHsLi i _ E^tention 

CH.— CHs— > 

^ ^ 2. CeH.CHO ^ C - 


le CH^C^Hs 


drxtro 67 


os '^CHCeH. 

\/ 

CHC,H, 


CHaCHg 


CH3— P-C,H5 ^ C,H.CH=CHC,H5 


l; 

o 

deztro 68 


The same phosphine oxide, dexiro 68, is formed vith inversion from the 
phosphonium salt, levo 67, under the infiuence of alkali. 


dexiro salt 
Wit 1*12 I 

(Ketfrction) j 

Y 

dexiro oxide 


> leva oxide 

(Invernlon) ^ 

I VTitilz 
^ 1 (E^tention) 

1 

^ levo salt 

(Inversion) 


If the ylide and carbonyl components are unsymraetrically substituted, 
a mixture of cis and (rariJi olefins is usually obtained. As a rule, the 
tran^ olefin predominates, as illustrated b}' the reaction of benzyiidene' 
triphenyl phosphorane vdth bcnzaldeh^’de v/hich leads to a mixture 
containing 70% trans- and 30% ci^-stilbene,^ However, exclu^i^’^' 


(CeHil.P^CHCVHs CeH^CHO 


H 


\ 




C.H 




H 


('(}%) 


11^ 
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predominance of the cis isomer. Strikingly, the trans isomer is 
always formed predominantly or exclusively if resonance-stabilized alkyli- 
dene phosphoranes are used. Thus almost pure trans olefins w ere obtained 
by using cyanomethylenetriphenylphosphorane^* *® and carbomethoxy- 
methylenetriphenj’lphosphorane®®’*®*'^®® as well as their deriva- 
tives.®®'*“'>i^'iw The observation that carbomethoxyethylidenetri- 
phenylphosphorane (69) gives the pure tmns compound with acrolein led 
to the systematic investigation of this reaction.^®* 


(CjHjljP^CCO.CH, -I- CHj=CHCHO CHj,=CHCH 

I li 

CH3 CH3CCOJCH3 

69 


By means of the Wittig reaction, methyl 2-methyl-2-butenoate was 
prepared in two different ways. The ylide 69 and acetaldehyde furnished 
almost exclusively methyl tiglate (71), i.e., the Iran'S isomer. Methyl 
pyruvate and ethylidenetriphenylphosphorane gave a mixture of isomers 
that contained 32% of the cis compound, methyl angelate (73).*®^ In 


^ j I \03CH3 

09 ©P(C,Hs)j 


H 


CI^^CHj 


71 (96.5% 


CHjCHO + {CgH5)3P=C(CH3)C03CH3 

II " 





>»* Wailea. Chem. Ind. (London), 1958, 1088. 

1*® Bohimsnn, Inhoffcn, «nd Herbst, Chon, Ser., 90, 1861 (1957). 

1*1 Truscheit and Eiter, Ann , 658, 65 (1962). 

1*1 Kovikov and Sh vpkhgeimer, ho, Atod, Sauk. SSSR, Old. Khim. Sauk, I960, 673 [C.A., 
54, 32474h (I960)] 

»*»Kucbprov. Kovalev, Kogan, and Yanovskaja, Doll. Akad. Saak SSSR, 138, 1115 
(1961>[C.A.,S5, 24580>(1961)]. 

House and Hasnausson, J. Ory. Chem., 86, 4278 (1961). 
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CH, 


CH- 


C C 

H - 


(C6H5)3P® -O 

74 

A 


CO2CH3 


^ CH3 


71 (63%) 


CH3COCO2CH3 -r (C6H5)3P=CHCH3 


CHo 


COoCH, 


c c 

iV 


H 

(0,‘Rsh'^- -O 


CH^ 


CH« CO2CH3 


H CH3 

73 (32%) 


order to rationalize the observed isomer distributions, one may assume 
that the resonance-stabilized phosphorane 69 is in equilibrium vith the 
two betaines 70 and 72. Here the first and, for the unreactive phos- 
phoranes, slowest step will probably be reversible, so that the reaction 
may proceed predominant!}" by way of the sterically less hindered betaine 
70, thus leading to the trans olefin. AVhile such an interpretation of the 
isomer distribution from the stabilized ylide 69 seems reasonably satis- 
factor}^ the products formed from the reactive eth^didenephosphorane 
are harder to rationalize. Decomposition of the betaines derived from 
reactive phosphoranes to starting materials was originally thought not to 
occurd^ More recent studies, however, provide convincing evidence 
that bcnzaldehydc is formed from a simple betaine under mild conditions. 


! 


-r 0=CC^'H, 


H 


dims it seems that a full understanding of the isomer distributions 
outUncfl above mu*<t await furth<^‘r r^-search. 

Another example of the difTorences in isomer di'^trihution.s in the ittig 
rcvaclion i< the ])reparation of 4 .nitro** 4 '-methoxystiIi>ene ( 78 ) by t^vo 

rh*T^r, nr A /ffi'*. 46 , 
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methods.’*® Reaction of the resonance-stabilized p-nitrobenzylidene- 
phosphorane (76) with the relatively unreaetive anisaldehyde leads to the 


(CgHjljP^CHCjH^NOj-p + 
76 

I*”'-'"' 


p-CHjOCjH^CHO 


p-CHjOCgH^CH^CHCgHjNOj-p 


|89% fiiand Jrafl»Cl:l) 

{CgH5)3p=CHCgHgOCH3-p + p-OjNCgHgCHO 
77 


exclusive formation of the trans compound 78. The less stable, more 
reactive p-methoxybenzylidenephosphorane (77), on the other hand, 
reacts with the extremely reactive p-nitrobenzaldehyde to give a mixture 
of the CM- and tm/w-stilbenes 78 in the ratio of 1 : 1 , 

In the reactions of resonance- stabilized alkylidene phosphoranes with 
carbonyl compounds, the isomer ratio may be shifted further in favor of 
the IroTM products if the stability of the initially formed betaines 79o and 
79b is increased, thus preventing further reaction before equilibrium has 
been reached. This was accomplished by substituting cydohexy] groups 
for the phenyl groups on phosphorus.^® The phosphorus is thus rendered 
less electrophilic, and the conversion of 79 to the end products by way of 
the four-membered ring compound 80 becomes more difficult. If the rate 


B' 


H R' 


H 


y? |V 

H ( 1 R' H ( ( R' 

O© ©PR, O— PRg 


R' H 



H R' 


R'CHO + R3P=CHB' 



79» 806 

Ketchan, Jambotkar, and Martinelli, J, Org, , 87, 4666 (1962). 
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of conversion of 79 to 80 is so rapid that the equilibrium 79a ^ 79b 
cannot be established, considerable amounts of cis olefins will be formed in 
addition to the tran^ compounds. If, on the other hand, establishment 
of the equilibrium is possible, the betaine 79a leading to the trans isomer 
will be energetically favored to a large extent. 

An effort to account for the predominance of trans compounds from 
resonance-stabilized phosphoranes has been made by postulating a 
nucleophilic attack on the phosphorus atom by the oxygen of the carbonyl 
component as the first step in such reactions.^^^ Other studies, however, 
indicate that the primary step is probably nucleophilic attack by the ylide 
carbon atom on the carbonyl carbon atom.^®^*^®® In addition, substitution 
of phenyl groups on the phosphorus atom by cyclohexyl groups^ leads 
not only to an increased yield of trans olefins but also to an increase of the 
total yield. Electron-releasing groups on phosphorus would be expected 
to impede rather than to facilitate the nucleophilic attack of the carbonyl 
ox 3 ’’gen on the phosphorus atom. 

Studies have also been reported which indicate that reactive phos- 
phoranes with aldehy^des tend to give increased amounts of cis isomem 
in the products when the reaction is carried out in the presence of Lewis 


SCOPE AND LIMITATIONS 

In the few years since the discovery of the Wittig reaction, many 
olefins have been synthesized by this method. The reaction is not 
limited to simple alkyl- or ar^d-substituted ethjdene derivatives but is 
also applicable to the sjmthesis of a,^-unsaturated carbonyl compounds 
and carboxylic esters as well as vinyd halides and vinyd ethers. The large 
number of natural products prepared by the Wittig reaction speaks for 
the importance that this olefin symtlxesis has attained in a short period. 

Alkyl-Substituted Olefins 

The Wittig reaction is especially’ valuable for the introduction of 
exocyclic double bonds and is the only’ method for converting a cyclic 

Goctr, Nrrd*'l, and MirhaMIs Xaiurtri^^,, 14, 40G (1063), 
and Halts, J. Org. CA.rm,, 28, 406 (10G3), 

IW^.ttdVon, VnvrT, Hamulcov, and Shfniyakin, Doll. Akad. Saul: SSSU, 143, ID {10C-) 
IC..'!.. 57, 

Vavr-r, Kovtnn, S<*nyi\vina, and Shftnvakin, Zh. Obshch, Khim., 32, 
(10021 5S, 4415kM1003)1. 

Ik'fvn-lVon. Vavrr. and Sh^myaUn. /ir. AUd, Vraul' Oui. Khxm, Saul\ 1900. 

55. 1420lt‘ 

*** lk-rp<-r»on, Vavrr, and Sh^'^mynkin, /:r, 2Caul’ .SW.?/*, Otd. KAifn. .Vw’jI', 1551# 

720K*..<., 55. 22lOOr (1001)}. 
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ketone to the corresponding exoeyclic olefin. The Grignard method is 
■well know-n to give practically only the endocyclic isomer (SaytzeflF rule). 
For example, cyclohexanone and methylenetriphenylphosphorane give 

meth3'lenecyclohexane.2 


+ (C,H5)3P=CHj y=CH3 


Similarly a whole series of methyJenesteroids has been synthesized, 
and a methylene group has been successfully introduced into the vitamin 
Dj skeleton. Recently raethylenecycloheptane and methylenecyclo- 
octane have been prepared by this method,^'” as were derivatives of 
methjdenedihydronaphthalene and methylenetetralin.^^* l-Methj'lene- 
2,2-dimethyltetraIin (81), for instance, was obtained in 83% jneld. 



81 


Catalytic hydrogenation of the methylene compounds permits the 
conversion ]^C=0 — ► 

The synthesis of 1 ,2-disubstituted ethylene derivatives from aldehydes 
and monosnbstituted methylene tiiphenylphosphoranes can be effected 
in two ways. 

RCHO + (CgHsl-P^CHR' 

\ 

RCH=CHB' 

/ 

R'CHO + {CgHsljP^CHR 

As a rule, mixtures of cis and trans olefins are formed in these reactions, 
for instance, in the synthesis of l.l.l-triphenjd-S-pentene (82) from 
^,^,^-triphen 3 'lpropionaldehyde and ethyhdenctriphenylphosphorane.^"® 

(C,Hs),CCH,CHO + (CgHsljP^CHCH, {C.HjljCCHjCH^aiCH, 

ni 

TJnsaturated aldehydes can also be used- Propargylaldehj'de, for 
instance, reacts with n-dodecylidenetriphenylphosphorane to give pen- 
tadec-3-en4-j-ne (83).^” The strikingly large amount of eia compound 

•** Schrieah^im, Muller, and Rowe, J, Am Cfitm, Soe., Bt, 3164 (IS6!). 

»’* Wiltig, Beppe, and Eicher, Ann , M3, 47 (1961). 

Chadha and Bapoport, J. Am. Chrm. Sot., 79, 5730 (1957). 

»»• Buehi and MaeLeod, J. A m. CArw. Sot.. 84, 3705 (1962). 

*” DeGrawand Bonner, r«»roAedn>n, 18, 1311 (1962). 

*’• Wittig and Wittenberg, Ana., 606, I (1957), 
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(80%) in the isomer mixture 83 is probably due to the presence of lithium 
bromide in the solution. 

HCfeCCHO 4- HfeCCH===CHCjiH23-n 

83 

Both groups, B and R', may be unsaturated, as illustrated by the 
synthesis of hexa-3,5-dien-l-yne (84) from propargylaldehyde and 
aUylidenetriphenylphosphorane.^’^ 

HC^CHO -r {CeH5)3B=CHCH=CH2 HfeCCB====€HCS===CH2 

84 

A series of compounds containing alternating double and triple bonds Tvas 
synthesized in this way;^®^ for instance, the C 20 hydrocarbon containing 
alternating pairs of ethylenic and acetylenic linkages. 

19 °o 

(CH3)3C(CfeC)2CHO -f- (CsH5)3P=CHCH==CH(feC)2C(CH3)3 — ^ 

(CH3)3C(CfeC)2(CH=CH)2(feC),C{CH3)3 

The interaction of bifunctional carbonyl compounds with 2 equivalents 
of phosphorane can also be used for the preparation of polyenes, as shown 
in the synthesis of the dimethylpolyene 85.^®^ 

OCHCH==CH(feC)2CH=CHCHO -f 2(CsH5l3P=CH(CH=CH),CH3 • — >- 

CH3(CH===CH)i(feC)2{CH==CH)jCH3 CH3(CH=CH)ioCH3 

85 

This method has proved especially valuable in the synthesis of carotc* 
noids. Conversely, bifunctional phosphoranes can be used. Thus 
carotene (88) %vas prepared from jS-ionylideneacetaldehyde (86) and the 
bis-ylidc 87.®^ 
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Tritiam-labeled olefins have been prepared by the action of tritium- 
labeled alkylidene phosphoranes u'ith aldehydes.®* 

RCHO -I- (C9Hj)3r=CTR' RCH=CTR' 

1,1,2-Trisubstituted ethylene derivatives may be prepared by two 
different paths, 

R' 

RCHO + (C,H5)jP=C‘^ 


R* 



C=0 + (CsHsl.P^^CHR 

/ 

B- 


By using the first path, 1 , 1,1 -triphenyl -4-methyl-3'pentene (89) was 
obtained in 68 % yield starting from jff,/3,j8-triphenylpropionaldehyde.^’® 

(CjHsljCCHjjCHO H- (CjHs)jP==C{CHs)j 

S9 

An illustration of the second method, w’hich starts from ketones, is the 
preparation of a number of dimethylheptadienes (geraniolenes) and 
methylhexenes such as 2-methy]-2-hexene (90) from acetone and n- 
butylidenetriphenylphosphorane.^*^ This method has been applied most 

(CHjljC^O + (CgHjljP— CHCgHy-n (CH,)j,0=CHCsH,-» 

90 

frequently in the area of natural products chemistry. Bifunctional 
carbonyl compounds or bifunctional ylides (squalene synthesis) have been 
used for this purpose. 

Starting from cyclic ketones, the corresponding exocyclic olefins are 
obtained, as shown by the preparation of dicylohexyhdeneethane (91) 
from cyclQhexa.uon.e.^**'^®* 

4- (C«Hj)jP=CHCH= Q-.Q=CHCH=Q 
91 

Anaell and Thomas, J, Chem. Soe., 1961, S39. 

Hamson, Lythgoe, and Trippstt, J. Chtm, Soc., 1955, 4016 

>s« ifsrrison, Lythgoc, and Tnppett, (London), 1955, 507. 
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Substituted cyclohexanes have been prepared by variation of either the 
carbonyli 58 .i 83 .i 84 component.^^ In the first case the trans 

B 



compound, B CH2N(CH3)2, was obtained exclusively. In the second 
case, stertmg from the cis ylide, the cis compound, B = CH2OH or OH, 
predominantljr; increasing the reaction temperature 
resulted in increased formation of the ^ran^ olefin. When the substituent 
v sequent elimination of hydrogen bromide under the influence 

of the yhde was observed. The triene so obtained did not contain any 
exocychc double bonds.i® 




• j ^^^^ii^^riphenylphosphorane, c^^clohexanone gives benzyl- 

fn./T!n T'"'’ ™™po»nd is obtained in 

bcnitldihydo°” ' ' ‘’-' '''’'■'■■'Jbdcnetriphenylphosphonine and 



(CcHs)3R=CHCeHs 




tVI.CnO u. 


TuhTn^/-fj, 
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Pj’dopentylidenetriphenylphosphorane, another ylide containing an 
exocyclio double bond, is also intensely colored. It reacts ivith benzalde- 
hyde to give bensylidenecyclopentane.^^ 


C4H5CHO + (C,Hs)3p^ 



Aryl-Substituted Olefins 


StjTene, the simplest monoaryl derivative of ethylene, has been 
obtained in 67 % yield in the reaction of benzaldehyde vrith methylenetri- 
phenylphosphorane.^ 

CjHjCHO + (CgHjlaP-^CHj CgHjCH^CHj; 

Similarly, 9-vinylanthracene is obtained from O-anthraldehyde.^®^ 


CHO CH=CH, 

I 

+ (CgHslgP^CHa -> 

Vinyl aromatics are also accessible starting from the corresponding 
aiylidene phosphoranes and form aid ehyde,^®^ as illustrated by the 
preparation of 4, 4 '-di vinyl hi phenyl in 80 % yield . This route is especially 




2CH,0 -f ^CH=P (CgHgla 


CHj=CH CH=CH, 


useful when the aromatic halogen compound is more accessible than the 
carbonyl compound. Aliphatic vinyl compounds may be prepared in a 
similar fashion.^®®-*®* 

From o-phthalaldehyde and methylenetriphenylphosphorane, o-divinyl- 
benzene is formed in 75% yield,®* 



2(CgHs)3p=CH* 


,CH=CHt 

'CH=CHj 


HnwVin*, J, Chem. Soc , 1857, 3858. 

>•» Drefthl, Plotner, anti Rudolph, Chem. Ber., M, 99« (1960). 

Hauser, hides, and Butler, 14Snd Steetmg. Am. Chem. Soe., Atlantic City, >’ J , Sept.. 
1962, Abstracts, p. 59Q. 

Hauser, Brooks, Sides, Raymond, and Butler, J. Org. Chem., 23, 372 (1963). 
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Starting from the bifunctional ylides 92 and 94, l,2-bem;ocycIohepta- 
1,3,6-triene (93) and l,2-benzocyclo6cta-l,3,7-triene (95), respectively, 
are obtained.®^ 

(CbHsIjP^CH 

\- 

+ CHa 

/ 

(C6H5)3P=CH 

92 93 


(CgHglsP — CH 

\ 

CHg 


CH2 

94 


3-Beiizoxepin (96) was prepared in an analogous manner.^^ 



a 


CHO 


CHO 



a 


CHO 


(CgHglgP — CH 
\ 


O 


CHO 


/ 

(CcH5)3P=CH 



l,l-T)iarAi olefins are particularly esLsy to obtain bj^ the interaction of 
incthA lenetriphcn^'lphosphorane and aromatic ketones,^ Benzophenone 


Ar 

\ 

c=-o 

/ 

Ar' 


(CcHj^)3Pr=CH2 


Ar 

\ 

C==CH. 

/ 

Ar' 


1 ,Kdipbonylet!iylone in K4% yield. ^ For preparative purpo*^c5, 
bo\\<. %( r, the \\ ittiix reaction with aromatic ketones is of minor importance 

L'.fi'.roth I’oK]. .Inp^v. 73, 4 3^ (tl*')!). 
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because aromatic ketones can usually be converted to the corresponding 
olefins without difficulty by the Grignard method, since an isomerization 
of the double bond cannot take place. There are reactions, however, in 
which the Grignard method fails to give the desired product. Thus the 
reaction of 2,2'-dibenzoylbiphenyl (97) with methyllithium followed by 
hydrolysis and dehydration gives the cyclic hydrocarbon 99 rather than 
2,2'.dist}Tylbiphenyl (98), whereas the latter can be prepared in 85% 
yield by the Wittig reaction.”^ 



The preparation of olefins from nitro-substituted carbonyl compounds 
is not possible by the Grignard method because the reagent attacks nitro 
groups. This complication can usually be avoided by using an alkylidene 
phosphorane as in the accompanjdng example.® 


p-OjjNC.H^ 

\ 

c=o 

/ 


+ (C,Hs)sP=:CHs 


p-OjNCgH^^ 


Only extremely nucleophilic alkylidene phosphoranes containing electron- 
releasing groups on phosphorus, such as 100, attack nitro groups. The 
ylide 100 has been reported to react with nitrobenzophenone to give 


Wittig «nd Stil*. Ann., 598, 93 (1956). 
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dark-colored products; olefin formation could not be observed.^ 
Normally, however, olefins are formed very readily from nitro ketones 
and nitro aldehydes, and yields of over 90 % are not unusual 3'29.49.5on66.i53 

CeHs 

i?-(CH3)2NC6H4^P===CH2 

CEL 

100 

lj^"^^^ryl olefins or stilbenes are formed in the interaction of aromatic 
aldehydes with arj'l-substituted methylene triphenylphosphoranes. Mix- 
tures of ci5 and trans olefins are obtained, the ratio in this synthesis of 


ArCHO -f {CgH5)3P=CHAr' 

V 

ArCH==CHAr' 

Ar'CHO -i- (C6H-)3P=CHAr 

C 5 H.CHO ^ (C5H5)3P=CHC(;H5 ^ C 6 HsCH=CHC<;Hs 

(S2%) 

stilbene being /0% irans and 30% Bj- using the alkoxide method, 

the ratio was found to be 47:53, the increased amount of the cis isomer 
being ascribed to increased polarity of the solvent ^ The different isomer 
ratios obtained in the synthesis of 4-nitro-4Linethoxystilbene by two 
different va}s (Ar and Ar^ exchanged) have been mentioned previously 
(p. 314).^^^ 

Reaction of 2-methoxy-3-methy]benzaldehyde vfrh benzyhdene- 
triphenylphosphorane gives 2-methoxy.3-metVl5tiibene.i®^ A large 




-CHO {Cr;B^)^V=:CHCAl. 




/ 


'~CH=CHC6H5 


CH. OCR, 


CH, 


OCH3 


nurnln r of other stilbene derivatives has l>ecn prepared in a similar 
manner. The alkoxide method proved to be particularlv useful for this 
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The pteparation of symmetrical and vmsymmetrical 1,2-diarylethylenes 
containing larger aromatic groups has also been reported.^^ 1,2-Bis. 
(3-pyrenyI)ethyIene (101) is formed in 91 % yield. 





(58%) 

DistyTylbenzenes can be prepared similarly.*®'”^ 


2C,HjCHO + ^CH=P(CgH5). 


C*H,CH=CH^^CH=CHC,Hs 


G«>rM Md Martin, BuH. Soc. Chim. 69, 563 (I960) . 55. 144i0c (1961)]. 

' Drefahl. Plainer, and Buchner, Chtm, Ber., 94. 1824 (1961). 
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Cyclic compounds may also he prepared by intramolecular Wittig 
reactions. Thus the alkylidene phosphorane 104, which contains a 
carbonyl group, cyclizes to 1-phenylcycIopentene.®^ 


(C5H5)3p=CH(CH2)3COC6Hs 



104 


(24%) 


2-Ben2oylethylidenetriphenylphospborane (105), on the other hand, 
does not react intraraolecularly to give I -phenyl cyclopropene. Instead 
an intermolecular condensation of two molecules of the phosphorane leads 
to l,4-diphenyI-l,4-cyclohexadiene.2“* 

C,Hs — (C,H5)3P=CHCH3C0C6H5 -» 

JOS (12%) 




Aromatic compounds may also be prepared by using intramolecular 
Wittig reactions. The vinylog of bem;oylmethylenetriphenylphosphorane 

Bieber and Eiaman, J, Org. Cktn* , 87, 678 (1962). 

*"» Crilfin and Witsc)iard, J. Org. CHem , 27, 3334 (1962). 
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107, prepared from the pyrylium salt 106, cyclizes to symmetrical 
triphenylbenzene.^'*^ 


CeHs 



© 

BE© 
106 


+ 2{CgH5)3P=CH2 


CeHg 



© 


4- {CgH3)3P-CH3 


BF® 




CeHs 



+ (C6H5)3P0 


CcHs 


( 59 %) 


OycUzations may also occur in the j^lide prior to condensation ’ndth a 
carbonyl component.^®^ 


(CcHg)3P~-CT{CH2)4C02aH3 


oe 


o 


(CeHg)§>- 



u 

C,H^CHO^ 

A cyclization has also been reported in 'which a rearrangement occurred 
in the alkylidcne group of the phosphorane.^ 

OC". . 

^0(Cnj).CH— P(CgHg)3 


.CH=CH 

\ 
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If there no possibility for intramolecular ring closure, an intermolecular 
reaction may lake place cxclusircly. p-Fomiylbenzylidcnetriphenyl. 
phasphomne (lOS), for instance, pol^TTierizcs spontaneously to give a 
lemon-yellow compound 109 Mhich melts above 300”,*°^ 



IM IM (K-ll) 


In a similar fashion, the colorless pol^'-m-xylylidene derivative 111, 
m.p. 180“ is obtained from the ylide 110.*® 


Clio 



PoljTnerizations also can bo effected bj’ interaction of bifunctional 
carbonyl compounds v ith bis-ylidcs. Tcrophthalaldehyde reacts quanti- 
tatively with the bifunct'ional phosphorane 112 to give a yellow poly-p- 
xylylidcnc -which, except for its degree of pol^unerization, is probably 
identical with the product 109 mentioned above 


OHC^^ ^CHO -b (C,Hj)jP=CH^^|^CH=P(C,H5)j — 109 
IIZ (11-9) 


By means of the Wittig reaction, a largo number of aryl-substituted 
butadiene derivatives and polyenes has been prepared. I-Phenylbuta- 
diene w as obtained in two different ways.* Starting from ciimamaldehyde 


CeHjCH==CHCHO + (C*Hj),P=CHj 


C,H5CH=CHCK=CHj 


C,HjCHO -t- (C,Hj)jP=CHCH=CH, 

A.HaAg, Doctoral DUftertatlorL, Vniveraitfit Heid^Ib^rgi 1962. 
McDooaJd and Campbell, J. Am. Chem. Soc., 82, 4fl69 (1060). 
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(path A), no isomerization of the double bond took place and the irans 
isomer was obtained exclusively in 69 % yield. Path B, on the other hand, 
gave 58% of a mixture containing 55% traris- and 45% c/ 5 -phenyb 
butadiene. 

Ijl-Biphenylbutadiene was prepared from ^-phenylcinnamaldehyde by 
using path A.^ 

(CeH5)2C=CHCHO (C6H5)3P=CH2 (C6K5)2C==CHCH==CH2 

(54%) 

1,4-Diarylbutadiene derivatives may also be obtained by two different 

methods.^'2os-2ii 


CcH,CH=CHCHO -i- 




C.H^CS=CHCH=CHG6H5 


63%, 


CeH^CHO ~ {CeH5)3P=CHCH=CHC^-' 

Paths A and B have been used for the synthesis of a large number of 
unsjTnmetricaliy substituted l,4-diarylbutadienes.^°'^ The symmet- 
rically substituted compounds maj^ also be prepared by a third method 
in which glyoxal is the starting carbonyl compound. 


CHO 

1 

CHO 


2{CeH,)3P=CH 




CH=CH4 



/ 


:CH=CHCH=Ch/ 


CH=CHCsH5 


(50%) 


A numlxir of ltl,4»triar3'lbutadienes was prepared from the alkylidene 
phosphorane 113.-^^ For example, 

CeH^CHO 4- (CcHj;)3P=CHCnr=C{CeH3); CcHiCH=CHCrH=C(C€Hs). 

113 


1 lie same diene is formed in 64 % yield by the action of cinnamylidcne* 
t ri j ) he ny I phosphorane (114) on benzophcnone.^^^ 

^ (CcH^)3p=:CHCH=:=^ClICcH5 

114 


CeHiCH=CH--CH=rrC{CeHs); 
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jo-Bis-(4-arj'lbutadienyl)benzenes hare been prepared b5’ starting from 
bifunctional jdides®®***® and from bifunctional carbon3-l compounds.®®-*^ 
The sjTithesis of p-bis4-phenylbutadienylbenzene (115) is an example 
of the first route,**® and the S5'nthesis of p-bis(4,4-diphen3'lbutadien3-I). 

2 C,HsCH=CHCHO + (CsH5)3P=CH^|~^CH=P(C,Hg)3 

113 

CgH5CH=4aiCH=CH^^^^CH==CHCH==CHC«H5 

115 

benzene (116) is an example of the second. 

OHC^^ ^CHO + 2(CjHs)3P=CHCH=-C(CgH5)j > 

(CgH5)3C=CHCH==<:H^^^^CH==CHCH=C(CgH5)g 

The s3Tithesis of higher diarylpo^'enes is effected in basically the same 
wa3% starting either from bifunctional 3dides or from di carbonyl compounds 
as illustrated b3’^ the synthesis of l,10-diphen3-ldccapentaene 
and its dimeth3d derivative 118*®® b5’ two different methods. 

2CgHsCH=CHCHO + (CgHglgP^CHCH^r^CHCHz^-PtCgHjlj -> 



118 


FinaH3', the preparation of the cross-conjugated chromophore systems 
119 has been reported.**® 

C,Hj(CH=CH)„CO{CH=CH)„-C,H 5 -J- (CgH5)3P=CH<CH=CH),.C,H5 — 
C.Hs(CH=CH)„C(CH==CH ).,CgHj 

li 

CH(CH=CH),,CgHj 

It* («=l,2.ii'=0. 1) 

Spc™ W.iUnd, and Huitraan. Aon.*/, .V«l A tad. JUtenKhap., Prae. , 
Srr. n..64, 165 <l96!)tC.A., M. 1756Jf (J961)]- 
*»» Bohimann, Chtm. Brr.. 89, 2191 (1956) 
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(path A), no isomerization of the double bond took place and the trans 
isomer was obtained exclusively in 69 % yield. Path B, on the other hand, 
gave 58% of a mixture containing 55% tram^ and 45% cf-5-phen3d- 
butadiene. 

IJ'Diphenjdbutadiene was prepared from ^-phenylcinnamaldehyde by 
using path 

(CcH 5)2C=CHCHO -r (CcHglaP^CH. (C6H5)2C=CHCH===KJHo 

(54?;) 

1,4-I)iar\dbutadiene derivatives may also be obtained hy two different 


CeH^CHr^CHCHO -r (C6Hs)3P=CHCcH5 



CcHsCH^CHC^H^CHCcHs 

C3%/^ 


QHsCHO (CAl5)3P--=r^CHCH^CHCcH5 

Paths A and B have been used for the sjmthesis of a large number of 
uns\'m metrically substituted 1,4-diaiylbutadienes.-^®'^^^ The svmmet- 
rically substitutes! compounds may also he prepared b\' a third method 
in wliich glyoxal is the starting carbonyl compound 


CHO 

1 

cno 


\ / 


V"H=K:HCH==(npf \CH=CIICeH^ 


<40M 


A of K1 ,4.trinrylbutadiones was prt‘pnwl from the alkylidcne 

[ilioxphor.Tt)'' 113."®' For 


('(H.rno 


CHar~-CiCeHj), CjUjCH=CHCH~C(CeHj)- 

1!3 


To.- U fomn-d in r,4 % yield hy tlie notion of cinnatnylidene- 

tri]'lienyljd!o--plu*r,-\i!e (114) on beiitopln none.*-’ 

114 

C,H jC -H - CH ~ Cl 1 r- C(CV 1 jl; 
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Allenes can also be prepared by tbe Wittig reaction. Again, tiro 
metbods may be used for the preparation of tetrapbenylallene. Path A 

(CeHs)2C=C=-0 4- 



{CeH5),C=0 ^ (C6H5)3P=C=rC{CeHs)2 

nses dipben 3 "lketene and dipbenybnetbylenetriphenylpbospborane ^ Path 
B, which employs milder conditions, gives tetrapbenylallene in 54% 
yield.^ This was the first use of a vinybdene pbosphorane in a Wittig 
reaction. Using path A, alkybsubstituted allenes such as l,l-dunethyI-3,3- 
diphenylallene (120) may be prepared by diy distillation of the preformed, 
exceedingly stable betaine 64.^^ 

e 

SO-C==C(C6Hi)5 

64 

Unsaturated Carbonyl Compounds 

Aldehydes. The introduction of an aldehyde group mav be efiected 
by the reaction between an aUadidene phosphorane and a dicarbonyl 
compound in which one carbonyl group has been protected by acetal 
formation. Subsequent treatment acid converts the acetal to tbe 

aldehyde.^»"2i5 

I O — CHi* 

\ ' 

O— CH. 




120 


CHO 
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Ketones. Unless there is the possibility of a resonance interaction 
with the ylene double bond, keto groups in alkylidene phosphoranes must 
be protected, preferably by conversion to a ketal, as illustrated by the 
synthesis of 7-fluoro-6-methylhept-5-en-2-one (126).^® 


CHJFCOCH, -f- (C6H5)3R==CHCH2CH,— C— CHg 

/\ 

o o 


Ciio CS2 


CHg 

i 

CH,FC=CH{CH,)2— C— CH3 

■ /\ 
o o 




CH, 

1 

> CE27C=CHCH^CH^C0CB^ 


Ctio — Cli*» 


Acvlmethylene phosphoranes, on the other hand, are stable and may be 
used directly in the sjTithesis of a,^-unsaturated ketones.^^ 

CcH^CHO {CcH 5)3P=CHCOK C^HsCH^CHCOR 

(E = CK3 ,CjH 5) 

p-OjNCfH.CHO -V {CcH5)3P=CHCOCH3 -v p-O^XCcH^CH^^CHCOCHa 

rj 2 %) (Kef. 42 ) 

Reactions of ketones with acvlmethylene triphenylphosphoranes, as with 
all other resonance-stabilized ylides, take place less readily.^ An ex- 
ception is the formation of the unsaturated fluoroketone 127 in 93% 

yield 219 

(CFjl.C^O -f (C6H5]3P^=:CHCOCHa (CF^).0=GHC0CH^ 

127 

a.j^-XJn=aturatcd ketones substituted on the a-position arc accessible 
in a similar way, as illustrated by the preparation of the ketone 128.2' 

C,Hj,CI10 (CeH5)3p=^{CH3)COCH^HC,Hs --- 

C«HiCRr=rC(CH3;COCH=:<rHCfiHi 
ns (si%) 

a-Ha]o.7./?-un?atiirated ketones have also l>een prepared b'V this 
rnetbfyl; forcing conditions arc* n*quired.'^'<^ The highest yields were 
oV'toin*^] by u-ing aldehyde as the solvent. Xo reaction was 
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observed when a-haloacylmethylene triphen3'Jphosphoranes were heated 
with ketones in benzene for several hours.®® 


C,HjCHO + (CgHs)3P=CC0C,Hs 
Cl 


‘ CeH5CH=CCOCjH5 
Cl 

(QnanU (Ref. 60) 


Carboxylic Esters and Other Acid Derivatives. The interaction of 
carbalkoxjmethj'lene triphenj’Iphosphoranes with carbonjd compounds 
leads to a,^-unsaturated carboxj’Iic esters. AJdehj’des react very readilj-, 
as illustrated bj' the preparation of ethjd cinnamate.® Analogously, 


CgHjCHO + (C,Hs),P=CHCOgCjH5 -► C,HsCH=CHC02CjH5 

(77%) 

good jdelds of nitrocinnamic esters were obtained from o-, m-, and 
p-nitrobenzaldehyde.^®® 

The successful reaction of carbethox}Tnethylenetriphen3dphosphorane 
with heterocj'clic aldehj^des such as furfural,®®® pyridine aldehydes,®® 
and 8-xanthinecarboxaldehyde®®® has also been reported. 

ALphatic aldehydes are also easil}’ converted to a,^-unsaturated 
carboxylic esters, as illustrated by the preparation of 1 ,9-bis(methoxy- 
carbonyI)decene (129).«® 

CHjOjClGHjlgCHO + (CgHjlaP^CHCOjCHj ^ 

CH30jC(CHj)gCH=CHCOaCHj 


Reactions of ketones with ca rb a Ikoxy methylene triphenylphosphoranes 
occur, as a rule, much less readily'. The ease of reaction of fluoroacetone 
is an exception.®®® 


CHjF 

C=0 + (C6Hj)3P=CHC03CgH5 
CH, 


CHjF 

I 

C=CHC03 CjH 5 

I 

CH, 


Aromatic or aliphatic ketones, however, will give satisfactory' yields in 
their reactions with carbalkoxy methylene triphenjiphosphoranes only' 


**• Kucherov, Kovalev. Nazarova, and y8no\-skBj a, Itv. Altui Xauk SSSK, Otd. Khim. 
-VoifX.lseo, 1512 [C.J., 55, H20b (1961)]. 

Bredereek and Fdhlisch, Cfiem Btr., 95, 4 U (1962). 
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after reaction times of several days at room temperature^^ or several hours ' 
at 100-170®.^ Thus the ketone 130 reacts slowly in ethanol at 20'' with 
carhethoxymethylenetriphenylphosphorane to give the ester 131 in 90% 
yield after several days.^ 


cm 



cm 


+ (CeH5)3P=CHCOAH5 



CO0C2H5 


130 


131 


Heating the same ylide with acetophenone without a solvent gives ethyl 
/?-methylcinnamate in 58% yield.^^ 


CH3 

1 

C6H,C=0 4- (CeH3)3P==CHCOoC2H5 


CH3 

CeH5C=CHC02C,H5 

10 hr. ® ® 2 2 5 


The preparation of esters containing exocyclic double bonds from 
cyclic ketones also requires forcing conditions.^*^^ Ethyl cyclohex^ii- 
dencacctatc (132) is formed in 44% yield in ethanol solution at room 
temperature within 1 w'eek;^ heating the reactants without solvent to 
170° for 10 hours gives a yield of 60%.^ 


^=0 - 1 - (C6Hs)3P=CHC02CjHs 


^^CHCOoCgHs 

133 


Substituents in the apposition to the carbonyl group further reduce the 
reactivity of ketones. Thus 61 % of the ketone was recovered wiien a 
mixture of 2.inethylcyclohexanonc and carbethox:sTnethylenetriphcnyI- 
phosphoranc was kept at room temperature for 12 days; the yield of 
ethyl 2pniethylcyclohcxylideneacetate (133) was only 7%.^ 


CH. 


y - O ^ (CeH^bPnrrXJHCOjCsHs -V 



CH, 




133 



THE WITTIG REACrriON 


337 


In general, it is advantageous to use high temperatures and little or no 
solvent when sterically hindered ketones are employed.®® Thus, in the 
reaction of 2-methylcyclohexanone mentioned above, the yield of the 
ester 133 Mas increased to 30% by heating the reactants M'ithout solvent 
to 150".®® Under the same conditions, the tricyclic compound 134 could 
he obtained in 58% yield.®® 



Reactions like tliese take place much more readily in the presence of 
benzoic acid as a catalyst.®® 

Substitution of phenyl groups on phosphorus by electron-releasing 
groups also results, under othenvise equal conditions, in an increase of the 
J'ield3.®*-*s>222-22a 

In the reactions of dicarbonyl compounds M’ith 1 mole of carbomethoxy- 
rnethylenetriphenylphosphorane, it is usually possible to isolate the 
compound resulting from conversion of only one carbonyl group to an 
oIefin.“7-229 Thus the monoketone 136 is obtained in 93% yield by the 


**• Trippett *nd tValker, Chem. Jnd. (London), 1960, 933. 

*** Homer, UofTmann, and Wippel, Chen* Ber., 91, 61 (1958). 

*** Homer, Hoffmann, M’lppel, and Klahre, Chem Bet., 92, 2499 (1959). 

Homer, Hoffmann, Klmk, Ertel, and Toscano, Chem Bet , 95, 581 (1962) 
** H^dsworth, Jr,, and Emmons, J, Am. Chem Soc , 83, 1733 (1961), 

Cava and Pohl, J. Am. Chem. Soc., 82, 5242 (1960). 

•• Eiter, .dnyew. Chem.. 73, 619 (1961). 

* Eiter, .tnn,, 658, 91 (1962). 
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interaction of benzocyclobutenedione (135) %vith 1 mole of ylide, 'whereas 
with 2 moles of ylide the final product 137 is formed in 85% yield.^^' 



J35 


J^CHCOzCHg 

136 

4- (C6H5)3P=CHC02CH3 


^LcHCO^GHa 

137 




Unsaturated dialdehydes such as 138 lead to polyene dicarbox 3 'lic 
esters, as illustrated by the sjuithesis of the ester 139,^ I^Iethylbixin, 


OHC 




-CHO ^ 2(C6Hs)3P=CHC02CH3 


CH,0,C' 




r 


^COoCH, 


139 (72%) 


crocetin dimethyl and a large number of other polyene 

dicarboxyhc csters^^-^ have been prepared in this Avay. 

In compounds containing both a keto and an aldeln^de group, the latter 
reacts preferentially. If conversion of the keto group to an olefin is 
to be cfTecled, the aldehyde group must be protected b\" acetal formation, 
as illustrated by the reaction of the carbonyl compound 140 with carbo- 
methoxATnclhj-icnetriphenylphosphorane.^" 
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In the ketone 140, a hydrosji group has also been protected by conversion 
to its tetrahydropyranyl ether. T\\ o neighboring hydroxyl groups, as in 

C^OCHjfeCCOCHCOCHslj + (CgHjlal^HCOjCHs 

HO 

I 

C^^OCH,feCCCH(OCH,)2 

CHCOjCHj 

(60%) 

sugars, may also be blocked by ketal formation, as shown by the inter* 
action of the dimethylketal of D-glyceraldehyde with carbethoxj’methyl- 
enetriphenylphosphorane to form the ester 141.^ 


CHO 

I 

CHO 


CH^CHCOjCjHs 


I X 

CHjO CHj 


CHj + (C.HsljP^CHCOiCjHs -► CHO 


I / \ 

CH,0 CH, 


Polyene aldehydes react w’ith carbalkoxjmethylene triphenylphos- 
phoranes to form polyene carboxylic esters which contain one more 
double bond than the aldehyde. For n = 1 through 4, the yields are 
CHj(CH=CH)„CHO + (CgHsJjP^CHCOjCjHj 

CHjtCH^CHln+iCOjCiHg 

higher than 80%.22'» 

Polyene aldehydes containing triple bonds may also be employed in 
this reaction, 23® which has been used extensively for the synthesis of 
CH3=CC^CH=CCH0 + (C6H5)3P=CHCO*CjHj 
CH, (:Hs 

CH.=CCfeCCH=CCH=CHCO,C,Hs 

I I 

CH, CH, 

(63%) 


carboxylic esters in the carotene series. 
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a,/?-Unsaturated carboxylic esters may also be obtained from a glyoxylic 
ester or its vinylogs, as illustrated by the preparation of ethyl ^-ionylidene- 
acetate (142) 



In order to prevent side reactions involving the ester group, it has been 
proposed to add the ylide solutions to the aldehyde and not vice versa. 
This procedure furnished the unsaturated ester 143 in 46 % yield.^'^ 

^i.C3H,(CfeC)2CIL,CH2CH=P(CeH5)3 0HCCH=CHC02CH3 

n-C3H,{(feC)2CH2CH2{CH==CH)3C02Ce3 

143 

Instead of a vinylog of glyoxylic ester, a vinylog of a carbalkoxy- 
methylcnephosphorane may also be used as illustrated by the reaction of 
substituted benzaldehj^des vrith the phosphorane 144.2^ The phos- 
phorane 144 is easilj' accessible from methyl y-bromocrotonate. A 



/ 


CHO -f (CgHslaP^CHCH^rCHCOoCHa 


R 


144 


/^)CH=CHCH=CHC02CH3 


K 


comparison of the results obtained by this reaction with those obtained in 
the Re forma tsky reaction showed that the IVittig reaction is definitely 
to be preferred, especially with benzaldchydcs containing nitro, dimeth}*!- 
amino, or ehloro substituents. Even when comparable yields are obtained 
by both methods, the Wittig reaction has the advantages of convenience 
and sjKvd. By using ultraviolet spectroscopy it was shovTi that the 
reaction was practically complete after o minutes. The only exception 
occurs in n\actions using 2,4,C-lnmethoxyben7.aldehyde for which the 

rcmn'.rr unrl C^r. I.OCS.TOO (to HASP) (C.A,. 56, 512n ( 1062)]. 

•*' lU,UrTiar.n mkI ln>;ofr^n, O.rm. 89. 12TG (105G). 

*** C^fm. LVr., SK), J^^IO (10^7). 
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Reformatsky reaction is superior. It is of interest to note that aldehydes 
containing o- hydroxyl groups can also be employed in the Wittig reaction. 

The reaction between aldehydes and carbalkoxy ylides containing 
ot-alkyl substituents leads to a-branched a,j8-unsaturated carboxylic 
esters. Thus cinnamaldehyde and the phosphorane 145 give the 
a-substituted ester 146 " The vinylogous ylide 147 furnishes the 
corresponding hexatrienecarboxylic ester 148.232.235 gy emplojdng this 


CgHjCH^CHCHO + (C.H5)3P=CC02CH3 CbH5CH=CHCH=CCOj(CHs 

CHjCbHj CHbCbH, 

MS “5 (83%) 

C,HsCH=CHCHO + (C6Hs)3P=CHCH=CC03CH, -> 

CH3 

147 

C.H.CH^HCH^CHCH^CCOjCHj 

I 

CHj 

14S (7D?0 


method and starting from polyene dialdehydes, branched polyene dicarb- 
oxylic esters have been prepared.®® 

Whereas in all these reactions using resonance-stabilized phosphoranes 
the tmns olefin is formed predominantly, interaction of reactive jlides 
with a-keto esters leading to a-branched a,^-unsaturated esters always 
yields a considerable amount of the cis isomers.*®^ 


RCHO -I- (C.Hs)3P=CC03CH3 

i- \ 

RCH^CCOjCH, 

/ i- 

RCH=P(C,Hj) 3 + O^CJCOaCTIa 


Similarly, a-halo-a./ff-unsaturated carboxylic esters*® ”’ are 
from halocarbomethoxymethylene triphenylphosphoranes and aldeh}*dcs. 
as illustrated by the sjTithesis of the ester 149.®” 

C,H5CH=CHCH0 -i- (C,H5)3P=(X:0,CH3 CbHjCH=CHCH=W 03CH, 
Br 

M4 (Quest) 
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a-Halo-a,/?-unsaturated carboxylic esters that easily eliminate hydrogen 
halide furnish substituted propiolic acids on saponification.^*^ 


CcH.CHO 


4* {CeH5)3P==4^C02CH3 

1 

Br 


OH® 


CgHsCHri^CCOgCH^ CcHsCfeCCOgH 


Br 


(S2%) 


Esters of co«hydroxy-a,/?-unsaturated carboxylic acids (150) are formed 
by the interaction of 2-hydroxytetrahydropyran \^ith carbalkox^^- 
alkylidene triphenylphosphoranes.^^ The trans isomer is formed almost 
exclusively. 



-V (C6H5)3P=CC02R' 


R 


H0(CH2)4CH=CC02K' 

1 

B 

150 


ct^-Carboxylic esters are obtained onlj^ if there is no possibility^ for 
resonance interaction betyvcen the ester group and the jdene double 
bond. By using dim ethyl form amide as the solvent and preferably in the 
presence of iodide ion, the ch compounds are formed almost exclu- 
sive! PeIargonaldeh 3 ’de and the ^dide 151, for instance, give 

ethjd olcatc (152) stereospecifically in 73% Probabte as a 

CH3(CH;);CH0 -r (C5H5)3P=CH(CH3),C0,C,H5 

151 "" 

H H 

'■s / 

c==c 

/ -'v 

CHjfCHj), (CH.j.COjC.Hj 

152 


con<#*ouencc‘ of the solvation of this %didc in the polar solvent, the? ester 
jrroup in ri‘aeTive jiho'^phorane 151 remains es<entiall\' imattaclvcd. 
In otlvT cirrumstanr('« an ester jrrouj) remote from the ydide portion of 
the nuilerule nm\*. however, lx* attacked 
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Ethyl a-cleostearate (153) was also synthesized from the ylide 151.”* 
CH,(CH,), H 

\ / 10 
C=C H + (C,H6)jP=CH(CHj),COjCjsH5 

/ \ / isi 

H Cb=C 




/ 

\ 


H 

CHO 


CHjlCHj), 

H 


\ 



0=0 

H 

/ 

\ 


H 

C=C ( 



\ / 


H 

0=0 



/ \ 


Again, this type of compound may be prepared by two different ways, 
as illustrated by the sjTithesis of the biologically important acids of the 
cis-cw-divinylmethane type.*” 


\ / 

o=c 

/ \ 


+ (CgH5)3P=CH(CHs,)„COjCH3 


C=C 

/ \ 


\ / 

c=c 

/ \ 


CHjCH=P(CgH5), 


- OHCiCHjj^COjCH, 


The reaction between ketones and alkylidene phosphoranes of the 
tj’pe 154 is not stereospecific, but saturated branched fatty acids such as 
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155 can be obtained in good yield by saponification followed by catalytic 
hydrogenation.^^^ 

CH 3 

CH3(CH2)^C=0 + (C6H5)3P=CH{CH2)„C02C2H5 

154 

CH 3 CH 3 

I I 

CH3(CH2)^C=CH(CH2)„C02C2H5 -V CH3(CH2)^CH{CH2)^aC02H 

155 


Unsaturated amides and nitriles have also been synthesized. Thus 
carbamidomethylenetriphenylphosphorane (156) reacts with croton- 
aldehyde to give the amide of sorbic acid,^^^ and with benzaldehyde to 
give cinnamamide.^® 


CH3CH=CHCH0 


(CcH5)3P=CHCONH2— ^ 


156 


CeHsCHO 


CH3CH=CHCH=CHC0NH2 


C6H5CH=CHC0NH2 


The interaction of cyanomethylenetriphenylphosphorane (157) with 
benzaldehyde and its derivatives gives the corresponding cinnamonitriles 
in good yields.'^*'^*®® ^^-Nitrocinnamonitrile, for instance, is obtained 
from _p-nitrobenzaldeh 3 ^de in 74% yield 


jj-O.NCcH^CHO -f {C6H5)3P==CHCN p-02NC6H4CH=CHCN 

157 

As illustrated by the s 3 ’nthesis of the vitamin A 2 carbonitrile (158), 
vin^'logous cj’anoraet Intone triphcnjtphosphoranes can also be employed 
as starting matcrials.^*^ 



WittU witi Tomm-^r. (Irr. pat. a43,C4S (to BASK) 62, 16292/1 (1058)], 

RTi'l Crr. pat. 1,110,633 (to FnrWf. Bayrr) [C.A 56, 3522c 

(10G2)}, 
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Vinyl Halides 

Monohaloolefins are formed in the reaction of halomethylene triphenyl- 
phosphoranes with aldehydes and ketones.®^-** Benzaldehyde and 
bcnzophenone react with chloromethylenetriphenylphosphorane to give 
the corresponding vinyl halides in 67% yield,®® 


(C,Hj)3p=CHCl + CgHjCHO CbH5CH=CHC1 
{CjH 5)3P=CHC1 + (CgHjjjCO {C3H5)3C=CHC1 

Aliphatic ketones can also be converted to vinyl chlorides.®®-*® If the 


o =0 + (CgHs)3P=CHCl -► ^ y=CHCI 


ylides are generated from triphenylphosphine and carbenes, the yields 
on the average decrease to 30%.®® 

The preparation of vinyl bromides has also been reported , The reaction 
with /J-ionone, for instance, proceeds m 70% yield.®* 



l.l-Dihalodlefins are obtained from dihalom ethylene triphenylphos- 
phoranes.®®-*®-®*-®® The reactions with dichlororaethylenetriphenjdphos- 
phorane are illustrative. 


c,H,cn=CHcno 


p-02NCgHgCH==CCl2 


CgH5CH=CHCH=CCl3 


The preparation of mixed haloolefins is exemplified by the reaction of 
fluorochloromethylenetriphenylphosphorane with bcnzophenone ** 


(CsHgljC^O + (CgH5)3P=C ^ (CgHg)jC=C 


(40%) 
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Since carbon tetrachloride®® and carbon tetrabromide®® react directly 
with triphenylphosphine with the formation of dihalomethylene triphenyl- 
phosphoranes, l,l-dihalo6lefins can be prepared in one step by carrying 
out this reaction in the presence of carbonyl compounds. 


CBr, -f 2 (CsH5)3P 


> (C6H5)3P=CBr2 — C6H5CH=CBr3 
-f (C3H3)3PBr3 


Vinyl Ethers 

The synthesis of vinyl ethers is important because they can be converted 
to aldehydes by saponification. The original procedure consisted of slow 
addition of formic ester to the alkylidene phosphorane followed by acid 
hy’drolysis of the initially formed enol ether Hexahydrobenzaldehyde 
v’as obtained in moderate yield in this way, which is a general method for 


H 



the conversion of a halogen compound to an aldehj^de containing one 
more carbon atom. Since, however, the formic ester is partially cleaved 
by the ylide into carbon monoxide and alcohol, the yields are usually 
not very good 

A better synthesis of vinyl ethers involves the reaction of a carbonyl 
compound with an alkoxjmethylene triphenylphosphorane.®^-^^^'*^ For 
example, benzophenone reacts with methoxymethylenetriphenylphos- 
phorane to give 1,1-diphenylvinyl methyl ether (159) in 83% yield 
treatment with acid gives diphenylacetaldehyde. 

{CeH5).C==0 4- (CcH5)3P=CHOCH3 ^ 

(C6H5)3C=CH0CH3 (CcH^bCHCHO 
159 

The over-all result is the conversion of a carbonyl compound to an 
aldehyde containing one more carbon atom. The best reagent for the 

X \ 

-V CHCHO 
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occasionally difficult hydrolysis of the enol ether is perchloric acid in 
diethyl ether.^'*® 

Cyclic ketones may also be subjected to this reaction. Cyclohexanone 
is converted to methoxymethylenecyclohexane which yields hexahydro- 
benzaldehyde on heating with ethereal perchloric acid.^“ 


O 



CHOCHj jj QjjQ 

6-Q 


(71%) (84%) 


Alkoxymethylene triphenylphosphoranes are relatively unstable at 
room temperature. It is therefore advantageous to prepare them at as 
low a temperature as practicable and to add the carbonyl compound 
before warming the reaction mixture to room temperature.*^ The 
alkoxide method is of advantage with carbonyl compounds that are 
stable to alkoxides, as in the sjmthesis of 160.®^ 



+ 2(CjH5)jP=CHOCH3 


^CH==CHOCH, 


CH^CnOCH, 
160 (55%) 


n-Butoxymethylenetriphenylphosphorane is less stable than methoxy- 
methylenetriphenylphosphorane.®’ Low temperatures are therefore par- 
ticularly important in the synthesis of butyl vinyl ethers. A\Tien diethyl 
ketone was allo^^ ed to react with n-butoxymethylenetriphenylphosphorane 
at —40° and the reaction mixture was then left at room temperature for 
several hours, I-n-butoxy-2-ethylbutene (161) was obtained in 73% 
yield.®** 


^ (CjHjJjCHCHO 


Hydrolysis of the ether with perchloric acid furnished diethylacetaldehyde 
in 70% yield. Cyclic ketones react analogously.*** 


O 


CHOC^H.n 


O 


o 
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Aryloxymethylene triplienylphosplioraiies are more stable than 
alkoxymethylene tripheny]phosphoranes. Vinyl aryl ethers are therefore 
particularly accessible. For example, p-methylphenoxymethylenecyclo- 
hexane (163) is obtained in 82% yield by allowing jp-methylphenoxy- 
methylenetriphenylphosphorane (162) to interact with cyclohexanone in 
ether at room temperatnre for 2 hours 

0 CHOCgH^CHa-^? 

h 

+ (CeH5)3P=CHOCeH,CH3-p ^ 

162 163 

^-(p-lIethylphenoxyls^Trene (164), obtained similarly in 75% yield 
from benzaldehyde, could be readily hydrolyzed with perchloric acid^^ 
to give phenjdacetaldehyde in 73 % yield.^*^ 

CeH5CH=CHOC6HiCH3-p ^ 

164 



In the same way, diethylacetaldehyde is prepared from diethyl ketone by 
way of diethylvinyl p-tolyl ether (165).^^ 

(CjvHslXO (CcHslaP^CHOCgH^CHa-p — 

162 

SO®;. 

(C2H5)3,C=CHOC6H^CH3-p (C2H5)2CHCH0 

165 

Vinyl phenyl ethers may be obtained from phenoxjTnethylenetri- 
phenylphosphoranc (166).-^® 

{C^U^)fiO H- (CgHj,)3P=CHOC5H5 (CgH^l.C^CHOCgHj 

ne fC5%) 

Vinyl thio ethers have also been prepared by this method.^ They are 
hydroK'zed to aldehydes much less readily. 

(CgH^ljCO -f (CeH5)3P==:.CHSCH3 ^ (CeHshC^CHSCHj 

<&4%) 


Analjnical Applications 

The alkyl id one phosjhoranc 167 has been suggested as a specific reagent 
for the characteri7uation of aldehydes in the presence of ketones.*^^^^^ 
In ethanohwater (05:5) at 75® it reacts readily with all aldehydes 
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invr^tjpatctl hut not with kotonrs. The reactions arc complete when tho 
yellow color of the jlitle (ilsapjicArs. In pure etlinnol, ketones react to ft 



Iimitc<l extent (•'5-10%); on addition of r»% water, only aldehydes react 
and the yichls are iK-twren and 00%, Tlie Wittip n'agent 167 may 
therefore l>e usotl for the wdeetive characterization and identiHcntion of 
aldeliydes. 

Side Reactions 


Kortun.atoly, aide reactions occur only rarely and can usually bo 
«uppres)»o«l by suitable choice of conditions. The handling of unstable 
ftlkylidcne phosphoranes has already* l>ccn mentioned. Reactions are 
either earrirsl out at low tern jwratu res, or the alkoxidc method which 
permits internet ion of tho carlwnyl comiKnind with the alkylidcno 
phosphorano ta ataiu nafCfnJi is used. 

Tho strongly haste alkylidcno jihosphoranes can also function as 
proton acceptors to remove a proton from the a-po.sitjon of carbonyl 
comjwimds. This reaction is particularly pronounced with easily 
enolizabto ketones such as cyclohexanone and cyclopentnnone. If tho 
reaction lietween the ylide and the carbonyl compound is sterically 
hindered, enolizatioii becomes tho main reaction 




i: li II 

O • 0-5 - o 


OO 



Slcthoxymctbylenctriphcnylphosphorane converts cyclopentanone par- 
tially to 2-cyclopcntylidcnecycloj*entanone (168).*” 


(C.HgljP^CJlOCH, 



(CgHgljPCHjOCII, -I- 
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Analogous condensations have been observed to a lesser extent "with 
acetone, 'vrhicb is partially converted to mesityl oxide (169) by Wittig 
reagents.^®* Because decreasing temperatures favor the Wittig reaction 

e e (ch 3 )X 0 

(CeH5)3P=CH^ ^ (CH3),C0 > (C6H5)3PCH3 -f CH3COCH2 ^ 

CHgCOCHoCCCHalo CH3COCH=C(CH3)2 

1 169 

o© 


over aldol condensations, reactions with enolizable ketones are best done 
at low temperatures .2*^® 

The elimination of acids from reactants or products under the influence 
of Wittig reagents has also been observed. An example is the elimination 
of hydrogen bromide from the diene 170 A® 


Br 



170 


In the reaction of methylenetriphenylphosphorane with the keto 
steroid 171, the expected product is accompanied b 3 ’ the dienone 172 
formed by elimination of acetic acid.^- 


OCOCH3 OCOCH3 




Elimination of acetic acid has also been observed in the reaction of 
bcnz3*ljdenetriphen\']phosphorane with the ester 173. 1,4-Addition leads 
to the betaine 174.^ 


O 


.OCOCH^ 


^ (CeH,)3P=CHCeH^ 






(CeHs),!’— CHv 


CeH, 


ITJ 
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alkylidenephosphorane 175 with methylenecyclohexanone, for which the 
follomng mechanism has been assumed.^®® 




+ (CgH5)3PO 


The formation of l,6-diphenylhexa-l,3,5-triene (178) as a side product 
in the reaction of ketone 176 with the phosphorane 177 has also been 
explained on the basis of a 1 ,4- addition.®^ 


C,H5CH=CHCH=CHCOCgHfi + (CgHglaP^CHCH^CHCgHs 
176 177 

CH^CgHj 

/iL. 

CgHjCH^CHCH 




CH^PiCgHj), 

I 


CgHjCH^CH 

CgHgfeCH + CgHsfCH^CHhCgHj + (CgHjjjPO 


Phenylacetylene could not be detected. An alternative path that has 
been suggested involves reaction of the ylide 177 with the starting phos- 
phonium salt followed by a Hofmann elimination.^* 


CgHgCH=CH— CH, 

b + I 

©PCCgHj), ©P(C,Hj), 


■ecH— CH=CHCgHj 


CgH.CH=CH— CH^H— CH=CHCgKj -v 

b 

ep(CgHj), 

C!,Hs{CH«=CH),C,Hj + (CgHjhP 
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The reaction of methylenetriphenylphosphorane with the sterically 
hindered mesitjd styryl ketone ( 179 ) also be considered as a 1,4- 
addition. In this reaction, triphenylphosphine rather than triphenyl- 
phosphine oxide is eliminated and the cyclopropane 180 is formed.^^^ 



/ 

CCH5CH--CHC— 

\/ r 

CH^ O 

ISO (52%) 

Thus addition to an activated double bond takes place in preference to 
the TVittig reaction. It is therefore necessary, when the lYittig reaction 
is used to prepare compounds containing an activated double bond, to 
avoid an excess of phosphorane in order to prevent subsequent addition of 
the ylide to the double bond.^^ 

As mentioned previously, a-bromoketones such as phenacyl bromide 
do not undergo Wittig reactions with alkylidenc phosphoranes.^^”^®^ 

In compounds that contain both ester and carbonyl groups, the latter 
react preferentially with IVittig reagents as long as the ylide is not 
present in excess. The ylide should therefore be added slowU' to the 
carbonyl component 

If an e.xcess of alkylidenc phosphorane is used in reactions with com- 
j)Otmds such as a cetyl a ted steroid keto alcohols,^-*^^ the ester group i? 
removed by the ylide by the following process, and the reaction product 
mav have To be rcacetvlated. 

- CH 3 CO.R (CtH.iji’— CH.— C-^R — 

i 

CHj 

(C,H. 1 ,T>— CH.COCH, - RO'- 
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A similar side reaction occurred to a lesser extent in the interaction of 
allyiidcnetriphcnylphosphorane (181) with N-methylformanilide. For- 
mation of l-methylanilino-1, 3-butadiene (182) is accompanied by 
elimination of methylanillde anion.®” 


CgHjNCHO + (CgH5)3Pr=CHCH=CH, 

I 181 

CHj 


(CgHjljP— CHCH=CH, 

_ i ^ CgHjNCH=CHCH=CH, 

eO^H-^NCgllj ( 


CHCH:=CHg + N— CgHg 

I I 

CHO CH, 


An abnormal decomposition of the betaine has also been observed in 
the reaction of w-butoxj’methylenetriphenylphosphorane with butyr- 
aldehyde, in which formation of the expected 1-n-butoxy-l-pentene 
(183) is accompanied by a h3'dnde shift which gives mostly 1-n-butoxy- 
pentan-2-one (184),®® 


n-CjH^CHO + (C,Hj)jP=CHOC4H,-n >- 

H 

n-C,H,— C^CHOC.H,.n n-C,H,CH=CHOCgH,-n 

d b 

©0®P(C,Hj)3 
1 28"; 


n-CjH^CCHjOCgHg-n 


If the oxygen in the betaine may interact with a silicon or a phosphorus 
atom, attack on silicon occurs preferentially as in the accompanying 
reaction sequence.®®’ The ylide 185 so formed reacts with excess 


Wittig«i>d Sommer, Ann , 594, 1 (1955). 
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benzophenone in a normal Wittig reaction to give tetraphenylaUene 
(186), which was isolated in 28% yield. 


(CgH5)3P=CH — SilCHglj + (03115)200 


0 


(OgHslaP— OH-^i(OH3)3 


( 03 H 5 ) 2 O^ 0 e 




(03H5)3P— 0H=0(03H5)2 + (OH3)3SiO© -> 

(03H5)3P=0=0(0eH5)2 + (OH3)3SiOH 

185 


|(C5ll5)2CO 

(03H5)20=0=0(06H5)2 

186 


The decisive influence on the course of a Wittig reaction exerted by the 
halide ion in the phosphonium salt is understandable in terms of the fact 
that different halide ions can shield the ylide phosphorus atom by complex 
formation to a different extent Thus methylenecyclopentane could 
not be obtained starting from triphenjdmethylphosphonium iodide, whereas 
the reaction occurred readilj’’ when the corresponding bromide w^as used 
as the starting material.^^® 

Finally, it should be mentioned that alkylidene phosphoranes may 
react with f-butyl alcohol to form isobutylene b}^ elimination of water. 

{CcH,)3F=CCl2 + (CH3)3C0H (C,H5)3P0 4- CH^Cl^ 4* (CH3)2C=CH2 

The use of ^-butjd alcohol as a solvent for Wittig reactions should therefore 
be avoided. 


THE SYNTHESIS OF NATURAL PRODUCTS 

In no field has the Wittig reaction attained importance as rapidly as in 
the area of natural products chemistry. Three classes of compounds, 
especially, have become much more readily accessible. These are the 
naturally occurring polyacetylenic compounds ; the carotenoids, including 
vitamin A; and methylene steroids and vitamin D. The Wittig reaction 
has also been applied to the sjuithcsis of a number of other classes of 
natural products. 

Polyacetylenic Compounds 

In n.'ceni years it has been found that compounds containing con- 
jugated double and triple bonds occur widely in plants. The synthesis of 
such un^aturated carbon chains was previously verj' diflicult because no 

0>ihr»< RDti Uurr.monH, 25. H34 
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suitable method existed for the introduction of a double bond in a 
precisely defined position. It is therefore not surprising that the Wittig 
reaction found very early application in the sjuithesis of naturally 
occurring polyacetylenic compounds. Bohlmann and collaborators, 
especially, provided proof for the usefulness of the new method in this 
area. 

The first step in the sj*nthesis of oenanthetol (18S), found in hemlock 
water dropwort {Oenanlhe crocata) consisted of the preparation of dodeca- 
3,5-dien-l-yne (187) in 43% yield by means of a Wittig reaction.**^ 
Oxidative coupling of the hydrocarbon 187 with pent-2-en-4-3m-l-oI in 
the presence of cuprous chloride gave oenanthetol (188) in 14.1 % yield in 
addition to the two sjTnmetrical polyen3me3. 


r»-CgH„CH=CHCH=P(CsHs)3 + HC^CCHO 


n-CgH,3CH=CHCH=CHC^H 

187 

|cu,Cl,/0, + HC^CCH--CHCn,OH 

n-CeH,3(CH=C:H),(C^C)jCH=CHCH,OH 

18S 

The same method was used for the synthesis of cicutol (190), isolated 
from European water hemlock (Cicuta virosa). Oxidative coupling of 
dodeca-3,5.7-trien-l->Tie (189), obtained in 60% yield by a AVittig 
reaction, gave a mixture of three hydrocarbons from which cicutol (190) 
could be isolated by chromatographj'.*®® Small amounts of lO-crs-cicutol 

n-CgHjCH^CHCH^PlCgHjla + HC^CCH=CHCHO 

i 

«.CgHgCH=CHCH=CHCH=CHCfeCH 

187 

|cu,ci,/o, + HC^cir,CH,cn,on 

n.C4H,(CH=CH)3(0^),CHgCHgCHjOH 

190 

also formed were converted into the all-lroiw form with iodine in 
petroleum ether. 

*” Bohlmann and Vjehe, Chtm. Btr., 88, 128S (ISSS). 

•‘•Bohlmann and Viehe, CAcm. Btr„ 88, IS-IT (19S5). 



336 


ORGA^C REACTIONS 


Trideca-l ,3,0,1 l-tetTaene-7,9-diyne (191), found in a number of 
coreopsis species, was synthesized b}* two different methods.^® Path A 

CH3CH=CH{C^)2CH=CHCH=P(C6H5)3 -r CH2=CHCH0 


CIl3aa[==CH(C=C)2(CH=CT)2CH===CH2 

191 


CH3aE===CH{C^)2CH===CHCH0 (C6H5)3P=CIBCH===CH2 

gave only poor yields as compared ^yith about a 50% yield via path B. 

The synthesis of aethusanol B (194), found in fooTs-parsIey {Aeihvsa 
cynapium JD.), also started ^vith a Wittig reaction.^ Propargyl aldehyde 
and the phosphorane 192 furnished the intermediate 193 which with 


192 

CH3CH:2CH===CHCH===CHfeCT 

193 


HG^CHO ^ 

BrfeCCH=-CHCH20H 


ch3CH2(CH==cb:)2(C^)2CH==csch50H 


5-bromopent-2-en-4-yn-l-ol gave aethusanol B (194), identical with one 
of the three Aeihu^a poU’ynes. 

Hydroxyl groups may also be introduced in the initial stage of a 
s^Ti thesis by using a suitably substituted alkylidene phosphorane, as 
illustrated by the following two examples. The “cbamomilla ester ’ 19o 
found in the German camomile {Matricaria cJiamomilla L.) and in Jfafn- 
caria dUcoidca DC. was prepared by the follovsdng method."^ 


CH3(C~G)j(CHc=rCH),CHO 4- {CcHslsP^^CHCH^CH, 
CH3(C3^)2fCHr=CH)3CH2GH.0H 

CH2(C^)2(CH=CH)3CHXH20C0CH3 

195 

Similarly* matricarianal (196) was converted to “centaur (197), the 
principal polyyne of the cornflower {Centaurea cyanv^ L.)P^ 



ti-A CKtm. ES, 1330 {1033}. 

IkiMrr.ar.n. .\rr.'U. IkvrriO'* tisA O.rm. 52, OSl (10^0). 
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CH3CH=CH(C^)jCH^HCHO + (C( 

196 


1 . 

2 . 

3. Ac«t>Ution 


5H5)3P=CHCHj-Y^ 


Os^o 

I 


C.Hs 


CH3CH=CH(C^),(CH=CH)jCH,CHCHi,CH80C0CH, 

OCOCH3 

197 


The polj’yne hj'drocarbons 198 and 199 were also synthesized by the 
Wittig reaction. The former is found in common mugwort (Artemisia 
vulgaris) and in the cornflower (Centaurea cyanus L.), the latter in a 
number of coreopsis species. 


CH,(C^)3(CH=CH)3(CH3)3CH=CH, C3H5(C^C)j{CH=CH)jCH3 

198 199 


Carotenoids and Vitamin A 

The synthesis of carotenoids and vitamin A using the AVittig reaction has 
received particular attention.*®^ The sjmthesis of unsymmetrical carot- 

enoids such as a- and y-carotene is best carried out using only two compo- 
nents,apol 3 'eneaIdeh 3 'deandanaIkylidene phosphorane. Thus y-carotene 
(200) can be prepared according to the scheme Cj,, Cj,, = 



700 


Another possibility is the combination of a Cjs-aldehyde with a 
Ci5*phosphorane according to the scheme C^s + C 15 “ 

*•* Bohlmann, Chrm. Btr , 88, 1755 (1955>. 

“• PonuBOT, Angne. Chtm., 72, 81 1 (1960) 

**’ ’Poiamn, Angne. Chem., 72. 911 {I960). 

*** Ru^gg, SchvnetCT, Rj-wr, Sthudel, ftnd Isl^r, lltlt. CAtm. Acta, 44, 985 (1961). 
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15,15'-deliydro derivative is prepared first, then partially hydrogenated 
and isomerized to the aIl-fra77.5-y-carotene (200).^ 



^ A J - 
A A 


1 


E- 



■ i j Y V 

j; i 200 

7',8^-Dihvdro-y-carotene (^-zeacarotene), found in com, 'was synthesized 
hy the same method,^ 3\4^-Dehydro-y-carot€ne (tomlin, 201)? isolated 
from Torula nihra, on the other hand, was prepared according to the 
scheme 4 - CX = 

^ gho 



201 


The synthesis of a- carotene (202) followed the scheme -r ^5 “ 








/' / /- 




' V /■ / 
i i 


.-• ./• / /• / / /■ / 


^ 8 ^ 
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Symmetrical carotenoids such as |g-carotene and lycopene may, of 
course, be prepared by the same method.^ei ^-Carotene (44) has also 
been obtained by the scheme + Cjo = C 40 , starting from vitamin A 
aldehyde (203).2« 



In place of axerophthylenetriphenylphosphorane (43), the isomeric ylide 
204, which is in equilibrium with 43, may also be used.^®’ 



43 


The synthesis of symmetrical carotenoids, however, is better carried 
out by the interaction of dialdehydes with 2 moles of an alkylidene 
phosphorane or of a bifunctional ylide with 2 moles of an aldeh 3 'de. 
Thus ^-carotene ( 44 ) is obtained in good yield according to the scheme 
Cis + Cjo -f Cjs = C 40 by either path or path (equations 

on p. 360). Using path B but starting from vitamin A aldehj'de, 
decapreno-^-carotene is obtained in 38 % yield 
The scheme C 13 + + Cj, = €40 illustrates another possible com- 

bination.*®* 272 In each case, mixtures of the cis and trans isomers are 

Pommer *nd SarnecVi, Ger pat. 1,008,709 (to RASP) {C.A . 65, 13472i (1961)] 

Stern, U.S. pat. 2,9«,069 (to Eastman Kodak) (C A , 55, 698« (1961)]. 

*** Pommer and Samecki, Ger pat. 1,068,703 (to BASF) [C A., 55, 134734 (1961)] 

Pommer and Samecki, Ger. pat. 1,068,705 (to BASF) [C A., 56, I487f (1962)] 

•’* Pommer and Samecki, Ger. pat. 1,008,710 (to BASF) IC.A , 55, lS446g (1961)]. 

Surmatia, Ger. pat. 1,105,860 (to Hoffmann Lalloclie), 1959. 

*’• Pommer and Samecki, Ger. pat 1,068.704 (to BASF) [C.A , 55, I3473f (1961)]. 
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obtained. The mixtures can be converted to the diM-trans form y 
heating with iodine. The isomerization to the all4ra7W compound can 
also be effected by nitric oxide.^’^ 



44 

Another possibility for the synthesis of symmetrical carotenoids is 
expressed by the scheme C^q + ^20 + ^10 ~ ^ 40 * ^-Carotene (44) can 
thus be obtained from crocetin dialdehyde (206) and 2 moles of ^-cyclo- 
geranylidenetriphenylphosphorane (205).2"^'2*^^ Good yields were obtained 
only by using dimethylformamide as the solvent.^"^ 



205 206 


i 

44 

By the same method, lycopene (208), the pigment of the tomato, 'vns 
prepared starling from geranylidenetriphcnylphosphoranc (207)*“''^'"^'' 

l«lcr, Montnvon, Bnti Zeller, Ger. pal. 1,017,105 (to HofTmfinn-LftKochc) 

63, lS3S2h (1950)]. 

Pommrr Bnd Sanierki, Cer. pftt. 1,0GS.707 (to BASF) 55, 1049Da (1901)]- 

l«ler, Outiminn, l.intllnr, Montavon, RNTSfr, and Zeller, Htlv. Chim. Acta» 39 # 

403 (U^5C). 

Kl«'r, MoTitBvon, Huf';:;?, nrul Zeller, Crr. pat. I,03S,033 (to HofTmiinn*LftKoche) [C,A»* 
54, 174501, (19C0f]. 

MoTjlBvon, <io'l Z^'Uer, U.S. pat. 2, B 42, 599 (to Hoffmann ♦I.rfj.Boclie) {C.v4.# 

53, 2279h (IV59)]. 
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SpiriUoxanthene,*'® dehydrolycopene, and I,I^'dihydroxy-l,2,l',2'- 
tctrahydrolyeopene*^ were synthesized by essentially the same method. 

All these possible synthetic routes may, of course, be applied to the 
preparation of 15,15'-dehydrocarotenoids. Partial hydrogenation of 
these compounds leads to the 15,I5'-cw-carotenoids, which are converted 
to the all-trans-carotenoids on recrj’stallization or heating in an inert- 
solvent.**’ 

The synthesis of vitamin A and its derivatives is carried out by starting 
from monofunctional carbonyl compounds and ylides. Vitamin A methyl 
ether (209) is thus obtained according to the scheme Cja + 



The low yield, 10%, is probabl)' due to the instabihty of the ylide 210.**® 
(C,Hg),P;^CH^H,-^CH, - (C.HjlsP— CH=CHj + CH,0 

310 

The vitamin A skeleton may be obtained by generating any one of the 
four double bonds in the side chain by combination of suitable aldehydes 

Surmatia *nd Ofner, USnd Meeting, Am. Chem, Soc . Atlantic City, X.J., Sept. 1962, 
Abatracte, p. 4SQ. 

”• Surmatia »nd Ofner, 142nd MeeUng, Am. Chem Soc., Atlantic City, N.J., Sept 1962, 
Abatneta, p. 50Q. 

•” But. pat. 793,236 (to Hoffmann- La Roehe> [C.A , 54, e27g (1960)1. 

* laler, Slontavon, ROecg, and Zeller, Ger. pat. 1,017,163 (to Hoffmann-LaRoche) {C .4., 
53, 189820 (1959)). 
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and phosphoranes. The vitamin A acid methyl ester (212a), for example, 
was prepared from ^-ionylideneacetaldehyde (211) according to the 



212a 


Better yields are obtained by the reaction between the phosphorane 213 
and ^-formylcrotonic ester (214) 



212 


Tlic esters of vitamin A acid (212) are readily saponified to vitamin A 
acid (216). The latter can be obtained directly from ^-formyl crotonic 
acid (215) and the ylide 213, provided that the free acid is converted to h® 
salt by excess alkali 2 "o»2S4-28g 



213 I 215 
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The same scheme was used to sjmthesize vitamin A acetate 
vitamin A methyl ether (209), 88®“ and desoxy vitamin A or axerophthene 

(218) «®'28I-28S.287 



The s3Tithesi8 of vitamin Ag and its derivatives according to the scheme 
^ + Cj = Cjo is illustrated by the preparation of vitamin A, acid methyl 
ester (219).2« 



Analogously, the vitamin A2 carbonitrile is obtained in 86% yield. 
Conversely, ^-formylcrotonic ester (214) may also be used as the starting 
material. The ester of vitamin Aj acid may subsequently be reduced to 
vitamin \ (220) with lithium aluminum hydride.*®® 



•••‘Isler, MonUvon. Ruegg, and Zeller, Ger. pat. l,017,16t (to Hoffmaan-La Hoche) 
tC-<t.,58. 18982d (1959)J. 

*•* Pommer and Wittig, Ger. pat. 1,029,366 (to BASF) (G A.. 64, 22713b (1960)J. 
SchwSeter, Planta, Riiegg, and Isler, Htle. Chim. Acta, 45, S41 (1962). 
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The synthesis of the vitamin A skeleton according to the scheme 
O 7 = C 20 is ilinstrated by two s^mtheses of axerophthene 




221 


v|(70%) 



Path A, which starts with ^-ionone (221), was also used for the prepara ti^ 
of vitamin A methyl ether (209) and of vitamin A acetate (217). 
Vitamin A acid (216)^^^*^^^ and its ethyl ester (212b)^^^'^^ were obtained 
in excellent yields via path B starting from ^-ionylidenetriphenylphos- 

phorane ( 222 ). 

Finally, it may be mentioned that vitamin A acid ethyl ester {2l2b) 
was prepared from ^-cjxlogeranylidenetriphenylphosphorane (223) 
according to scheme Cjo -r Cjg = Analogously, axerophthene 

(218) was prepared in G0% yield.^^ 
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Higher homologs (224; n = 2, 3) of Titamin A acid and carotene acids 
of the form 225 and 226 (n = 0, 1, 2, 3) have also been synthesized by 
means of the Wittig reaction. 



326 


Homoisoprenovitamin A acid (224; n — 2), for instance, was prepared by 
four different 



Of the many sj-ntheses of polyenecarboxylic acids (225 and 226),*®®“*®® 
mention is made only of the preparation of torularhodin (226; n = 3), 

”• Pommer and Sarnecki, Ger. pat. 1,070,173 (to BASF) [C.A , 55, U332h (1961)}. 

Isler, Guei, Ruagg, Ryser, Saucy, Sehwieter, Walter, and Wintorstcui, Utlv. CMtm. 
Atla. 43, 864 (1939). 

*** RQpgg, Guex, Montaron, Scliwietcr, Saucy, and lalcr, Angevr Chtvt., 71, 80 (19S9), 
*”Cucx, Rupgg, laler, and Ryaer, Gcr. pat. 1,088,951 (to Hoffmann-La Roche), 1958; 
8*0.137 [O-A., 65, 1754 le (1961)] 

Guex, Isler. Ruegg, and Rj-ser, Gcr. pat 1,096,349 (to Hoffmann-La Roche). 1959; 
corresponds to Brit. pat. 875,713 [C.A.. 56. 7372b (1962)]. 
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which definitely established the structure of the acid pigment of near 
yeast {Torula rubra)P‘*-^^ (See p. 3C6.) 

Diesters of norbixin such as methylbixin (228) hare been prepared from 
crocetin dialdehyde (227) and carbalkoxjTnethylene triphenj’lphosphor- 
anes according to the scheme Cs + C^ + C^ = Methylbixin can 



2(C,H,),P=CHCO,CH, 



338 (80?i> 

also be prepared in 76 % yield by the scheme Cj + + 05 = 



Crocin, the yellow pigment of saffron, is the digentiobiose ester of the 
C^-dicarboxylic acid crocetin. Diesters of crocetin, such as crocetin 
dimethyl ester ( 229 ), can be S3’nthesized bj" the same methods as those 
used for the preparation of norbixin, either according to scheme Cj + 
Cii + Ca = or C5 + Cjo + 05 = 0^ =='='.235 




^CHO + 2(C*H5)3P^^C0,CH, 








r 


■CHO ^ 2(CgH5),P^ 




Finally, mention should be made of the sj-nthesis of squalene, a triter- 
pene related to the carotenoids, which is important as an intermediate in 
the biosjmthesis of steroids. Squalene (232) was sjTithesized by the 
reaction of geranylacetone (230) with the bis-yhde 231 accordmg to 
scheme 0,3 + 04 + 0^3 = 

»o« 19S8, 80. 
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The all-{ra« 5 -squalene (232) was isolated in 12% yield ^he ini^e 
of cis and trans isomers by way of the thiourea clathrate. ' 
gously, radioactirely labeled squalene (^^C-labeled at Cu and 14 ) 
prepared in 50% jdeld from the «C-labeled bis-ylide 231.302 


Steroids and Vitamin D 

The method of introducing exocylcic double bonds by means of 
Wittig reaction has been used in steroid chemistry. The preparation o 
S-methylenecholestane (234) from cholestan-3-one (233) and methy ene^ 
triphenylphosphorane iras the first instance of a conversion of a steroi 
ketone to a methylenesteroid by this method. This synthesis 

“f (C,H,)3n=CH, 

233 234 

followed by the preparation of a whole series of methylenesteroids m 
similar fashion, in the course of which it was found that excess meth\lcne 

triphcnyl])hosphorane increased the yields.^ IV-^Iethyleneandrostan 
3^“0l (236) was obtained in 58% yield from androstan- 3 ^-ol-lT-one 
by using a five-fold excess of methylenephosphorane, but in only o-/o 
yield by employing 3 moles of ylide.^* Tlie ^deld in this reaction 'wa- 

CH, 
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also increased when the 3-hydroxyl group was blocked by conversion to 
the tetrahydrop 3 Tanyl ether. The increased yield, however, was offset 
bj’ losses in the formation and cleavage of the ether. 

®>^'Unsaturatcd steroid ketones have also been used as starting 
materials. A*-Cholesten-3-one (237), for instance, gives 3-methylene- 
A«-cholestene (238) in 80% yield. 



Acetate esters are cleaved by jdides, as illustrated by the preparation 
of 7-methj’lenecholesterol (240) from 7-ketocholesteryl acetate (239).*^ 



33 « 340 


The use of methoxjTnethylenetriphenylphosphorane in place of 
methj'Ienetriphenylphosphorane in these syntheses leads to exocyclic enol 
ethers that can be saponified to the corresponding formyl compounds. 
An example is the synthesis of 3-formyl-5a,22^,25D-spirostane (242) 
from tigogenone (241)®*® 
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Monomethylene compounds can be isolated from some steroid diketones. 
The S-keto group in androstane-3,7-dione (243) is the more reaci , 
!nl 3 methySneandrostan-lT-one (244) can he ohtamed farther ac^^ 
of methylenetriphenylphosphorane forms 3,1 / -dimethylenean 



CH, 



Steroid diketones containing keto groups of comparable reactivities gi 
the dimethylene compounds directly, as illustrated by the ° 

3 , 20 -dimethyleneallopregnane (247) in 75% yield from allopregnane-ii,^u- 
dione (246) 

CH3 ^^3 


c=o 



246 


0=002 



The same method has been used frequently to introduce a methylene 
group into the side chain of steroids. 24-Ketocholesteryl acetate (^7 ^ 
■was converted in 70% yield to 24-melhylenecholesterol (249)^*^^^ whic 
proved to be identical with chalinasterol isolated from sponges and sea 
anemones, Zounthm proteiLS, whose structure had been in dispute.^* 
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24-Dehydrocholesterol (251), isolated from acorn barnacle {Balanua 
glandula), was sjTithesized from S^-acetoxj'-S-cholenaldehyde (250).»>5 



251 

Similarly, 29'isofucosterol (252) was obtained from 24.ketocbole3teryl 
acetate or 24-ketochoIesteryl tetrahydropyranyl ether (248),®’®'®®'^ 



2il 

The usefulness of the Wittig reaction for the synthesis of vitamin D 
Was tested first in the preparation of model trienes. The ketone 253 

*” and Idler, J. Am. Chem. Soc., 79. 6473 (1957) 

, J. Org. Chem , 25, 93 (1960) 

. '■“Sertnnd and Idler. J. Fieheria Be*. Board Can.. 17. 597 (1960) [C.A.. 55. 2730h 
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could be converted to the triene 254 which contains a double bond 
t^'pical of calciferol.^^'^ 



CH3O ,33 CH3O 254 ( 14 %) 

The unsnbstituted model substance 256 was prepared analogously from 
the cyclohexanone derivative 



A biologically active homolog of vitamin D 2 » 257, whose activiv 
almost reached that of calciferol, was synthesized . by the folio wins 
route.^ 
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(265), for example, can be sjmthesized in 63% yield from l-pyrrolizidone 
( 264).®22 


CO" 


+ (0,H.),P=CH, ^ r I J 


In many cases the exocyclic double bond is subsequently hydro- 
genated catalyticalJy, so that the over-all effect is the transformation 


\ 


:c^o-^ ;cHCH, 


Thus 6-methyldihydrodesoxycodeine (268) was prepared from dihydro- 
codeinone (266) by way of 6-methylenedihydrodesoxycodeine (267),*^* 




Similarly jS-patchoulene (270) was sjuithesized in 38% over-all ju’eld 
from the ketone 269 



3(9 


The selective reduction of an exocyclic double bond can also be done 
■with lithium in diethylaminc, as illustrated by the sj-nthcsis of a-am^Tin 
from glycj-rrhetic acid, a ^-amjTin derivative of known configuration, 
which elucidated the structure and configuration of that tritcrpcnc 
Dihydrotrcmctonc (273) was sjTithcsized from S-acetylbcnzofuran 
(271) via 2-isoj)ropenylbenzofuran (272).“* 

Llkho•^e^tov. md Kntsj-n, TtinlktJnn LeUtrt, IMl, »!- 
•»4 C«iur«ll, Am. Citm. Soc., 80, 493 {195S). 

*Wr«w *0,1 18. tJU (1992). 
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273 


The royal jelly of the honey bee, an a,^-iinsaturatod acid of 
276, was synthesized from glutaraldehyde (274).^^*^^® intern 

6-(niethoxycarbonyl)-5-hexenal (275) was converted to 9-oxo-2- ^ 

acid (276) in four steps. The frari^ isomer (roy^al jelly) could be iso a 
in a total yield of 12-15 %. 


OHClCHglaCHO -f (C6H5)3P=CHC02CH3 ^ 

274 

4 steps 

0HC(CH2)3CH=CHC02CH3 > 

275 (83%) 

CH 3 CO (CH„) 5 CH==CHC 02 H 
276 

Finally, the important syntheses of insect sex attractants should h 
mentioned Bombycol, the sex attractant of the female 

moth (Bomhyx morx L.), was found to be hexadeca-fra7i5-lO,C25-l2-dien 

l-ol (280). All possible cisArans isomers of the hexadecadienol 
prepared by different routes using the Wittig reaction. Bomb 3 "Col 1 
was sN’nthesized from 9-(ethox3^carbon3d)nonanal (277) and the jdide ^ 
according to the scheme Cjq -f- The irans ester was isolate 

4G% 

CM^O.C{CTi^)filrLO -f (CeH5)3P=CHCfeC{CH2)2CH3 

277 278 

C2H502C(CH2)gCH=CHfeC{CH2)2CH3 

279 


H0CH3(CH.) 



2S0 
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from the mixture of cis and trana isomers 279 by means of its urea 
clathrate and converted to bombycol (280) by partial hydrogenation 
followed by lithium aluminum hydride reduction. 

An alternative route to bombycol (280) from 9.(methoxycarbonyl). 
nonanal (277o) that involves two Wittig reactions is shown in the 
accompanying formulations.^*'®^®-^-^ 


CH,0,C(CH,)gCHO + (CgHs)3P=CHCOjCH5 

277a 

CHjOjC{CH,), H HOCH.(CHj,)8 H 

H COjCHj H CHO 

CH,C08CHj(CHj)g H 

+ (CgH5)3P=CH(CHj)ijCH3 

H CHO 


CHjCOgCHjtCHj), H 

(CHgigCHg 

H H 

HOCH,(CHj)g H 

(CHjijCHj 

H H 

3 S 0 

By similar methods, the remaining hexadeca-10,12-dien-l-ols,”*'*^*^^ 
as well as other unsaturated aliphatic alcohols, have been sjmthesized ,527.328 
The elegant syntheses of oleic acid and other naturally occurring 
unsaturated fatty acids containing cia double bonds have been mentioned 
previously.!” 




modified procedures and related reactions 

The pyrolysis of /5.ketoalkylidene triphenylphosphoranes under 
Certain conditions gives acetylenes by an mtramolecular Wittig 
reaction.«-329-33: reaction is successful only if neither Rj nor Bj is 
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hydrogen. In addition, or Eg inust be a substituent capable of reso- 
nance, such as a phenyl, ester, or nitrile group. If these conditions are 


(CeHslaP 

\/ 

C 

I 

c 

/\ 

O R2 


^ ^ (CeH5)3PO R^C^CR. 

C 


met, acetylenic compounds are obtained in excellent yields. Thus 
acetylcarbethoxymethylenetriphenylphosphorane (281) could be con- 
verted to ethyl 2-butynoate (282) in 91 % yield.^^ 


(CeH^ljP CO2C2H5 

C 

!i 

c 

281 


2SO‘/10 mm. 


> CHaCfeCCOjCaHs 

282 


A large number of a,^-acetylenecarboxylic esters has been synthesized 
in this manner.^*^ In analogous fashion phenylpropiolonitrile is formed 
by pjTolysis of the phosphorane 283.223 


(C.HsbP CX 

\/ 

C 

-V c-H.c^cx 

A 

“O C,Hs 

283 

In recent j eani. practical and theoretical considerations have frequently 
led to modifications of the ittig reagents, either bv substituting the 
phenyl group? on pho«q:>horus by other substituents or by replacing the 
phosphorus by other central atoms. 

Th' UPC of phosphorancs containing basic substituents such as the 
acc Obncvhy !enc-p-dimethy]aminophenyldiphenyIphO'phorane (284) 
rccommendf'd l>ecau«/‘ tlie corresponding phosphine oxide can Ik? readily 
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separated from the other reaction products by extraction of the ether 
solution with dilute acid.*** 

j»-(CH,),NT*H4P(C,Uj),=CHCOCH, + CgHsCHO 

3ti 

o 

(i 

i>(Cn,)jKC,irj’{C,H5)j + C,HjCH=CHCOCHj 
Replacement of the phenyl groups on phosphorus by electron-releasing 
substituents m ill result in decreased j’icMs in reactions of normal ylides 
M hich arc not resonance-stabilized . As discussed previously, the second 
step of the Wittig reaction, decomposition of the betaine, is rate-deterrain- 
mg in these cases, and increased electron density on the phosphorus will 
have an unfavorable elTcct. For example, the high yields which can be 
obtained with methylcnetriphcnylphosphorane could, in no case, be 
duplicated with the methylene phosphoranes 660 -/ (see p. 311).^“ 
Aliphatic substituents on phosphorus, such as methyF“® or eyclohexyl 
groups,*® also decrease the yields. The situation is different for the 
resonance-stabilizcd phosphoranes of the second group, for which the 
first step of the Wittig reaction is rate-determining. Electron-releasing 
groups on phosphorus have a favorable effect because they increase the 
nucleophilicity of the yhdes. Thus fluorenylldenetri-w-butylphosphorane 
always gives better yields with aldehydes and ketones than does 
fiuorcnylidcnctriphcnylphosphorane.*® Increased reactivity has been 
observed also in other resonance-stabilized phosphoranes in which the 
phenyl groups on phosphorus had been replaced by alkyl groups.*®-®® *^-*** 

In addition, alkyl groups on phosphorus influence the stereochemistry 
of the Wittig reaction, the tram isomers being formed almost exclusively.*® 
Negatively’ charged oxygen on phosphorus is much more effective than 
olhyl groups. Jletallated phosphine oxides such as 285 are considerably 
more nucleophilic than the normal alkylidcne triphenylphosphoranes, 
since replacement of a phenyl group by the electron -releasing oxygen 
results in a strongly increased contribution of the limiting structure 2855 
t<» the resonance hybrid.**®'**® *®* ®®® 

00 O 

1 II 0 

(CgH5),P=CHC,Hj (CgHjlgP— CHCgHj 

Reaction of benzophenone with 285, for instance, gives triphenyl- 
ethylene in 70% yield.**^ The other product, diphenylphosphinate ion, 
Hom«r, Hoffmann, and Wippcl, Cor pat 1,079,030 (to Farbw. Hoocbsl). 1958. 

•“Horner, Hoffmann, and Kl.nl-. Ger. pat 1,138,757 {to Farbn. Hoechst) (C..4., 58, 
»»«{ 1963 )]. 
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is water-soluble. Unlike the normal dipbenylalkylpbospliin© oxides, 

0- 

o© T 

I 1 

(C6H5)2P=CHC6H5 + {C6H5)2C=0 -> (CeHs)2C=CHC<;H5 -f (CeB.s)2^- 

285a 

which are readily obtained by the alkaline decomposition of the coire 
spending triphenylalkylphosphonium salts, phosphine oxides 
groups capable of resonance cannot be prepared by this route. ^ 
these phosphine oxides are not easily obtainable, their reactions have - 
far attained only theoretical importance. Although normal diph^nj^^ 
alkylphosphine oxides can be metallated and used for the preparation 
olefins, they are inferior to the yhdes. , 

Alkylphosphonic acid esters, which can be obtained , from tne 
phosphite by an Arbuzow reaction, can in certain cases be metallated an 
made to react with carbon^d compounds to give olefins in a reaction 
similar to that of phosphine oxides. 22 ^ 226 . 332-334 Thus ethyl bromo' 
acetate reacts with triethyl phosphite to give diethyl carbethoxymet 
phosphonate (286) in good yield. The phosphonate 286 can be convert 
to the anion 287 with sodium hydride in glycol dimethyl ether* Uni 'O 
the corresponding phosphorane, which Tivill react with ketones only nnd^^ 
forcing conditions, the anion 287 is strongly nucleophilic and reacts 
cyclohexanone at room temperature within a few minutes to give e y 
cyclohexyhdene acetate (132) in 70% yield.^sG The diethyl phosphate 


(C.H^O).P=CHCO.CjH5 


■ {CjvHsOoP— CHCOjC^Hs • 


^CHCO.CjHj -r (C2 Hs0)2P=0 


132 


288 
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The first instance of an asymmetric induction in a Wittig reaction 
was observed when the reaction was used with the opticaliy active ethyl 
{l>-menth-3.yloxycarbonylmethyl)phosphonate (289).»35 The levorot- 
atorj' isomer of the substituted cyclohexydideneacetic acid 290 was 
formed predominantly'. 



Sodium amide^23.33« potassium t-butoxide^**'*®®'“®'”^ have also been 
used in place of sodium hydride. Potassium /-butoxide has the dis- 
advantage that it leads to resinification with aliphatic ketones such as 
acetone and cyclohexanone.^^® 

The metallated diethyl carbethoxymethylphosphonate (287) proved 
to be superior to carbethoxymethylenetriphenylphosphorane in its 
reactivity toward other ketones also®^-^®® and has been used for the 
synthesis of a series of a,^-un8aturated esters. a,j8-Unsatarated 
nitriles can be obtained in an analogous manner such nitriles 
are accessible from cyano methyl enetr ipheny Ip ho sphorane only if aide- 
hy’des are used as the carbonyd component. In general, the phosphonate 
ester reaction will be the method of choice for the interaction of resonance- 
stabilized reagents with ketones. In all other cases the normal alkylidene 
triphenylphosphoranes are to be preferred, in accord with the theory of 
the mechanism of the Wittig reaction. Alkylphosphonic acid esters, for 
instance, are completely unsuitable for the preparation of olefins.*” 

The phosphonate ester method has found application, particularly 
»n industry.”2.263 symthesis of «,^-unsaturated carboxylic esters, 

IM ^®™*®*“>** “nd J«nzso, Chem. Ind. {London}, 1962, 2085. 

,,, Fujittara. and Ohta, fluK, Chem. $oc Japan, 35, H98 (1982). 

Mt el’* Pommer, Get. pat. 1,109,671 (to BASF) [C.A., 58. 8571a ( 1982)] 

n» » * pet. 1,108.208 (to BASF) [C.A., 68, 11422* (1962)]. 

Fommtr and Stilz, Ger. pat. 1.116,652 (to BASF) [C-d.. 57. 2267d (1982)]. 
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nitriles, and stilbenes.^ Distyrylbenzenes^’^”^ and polyenes^ have 
also been prepared from the corresponding bifunctional phosphonate 
esters. 

In an analogous manner phenyldiethoxyphosphine (291) can 
converted to phosphinic acid ethyl esters such as ethyl cyanomet y 
phenylphosphinate (292), which is related to both the phosphine oxides 
and the phosphinate esters and thus undergoes the same reactions. ^ 
instance, it reacts with j3-ionone to give j 3 -ionylideneacetonitrile (293) m 
87 % yield The phosphinic acid esters have therefore been used for 


(C2H50)2PC6H5 4- CICH2CN 

291 


C2H5O O 


CH2CN 

/ 


CeHs 


292 



293 


the same olefin-forming reactions as the phosphonate esters 

The central atom of the Wittig reagents itself has also been varied. 
stability of fluorenylidenetriphenylarsorane (294), which can be obtained 
by the action of aqueous sodium hydroxide on the arsonium salt, is 
similar to that of the corresponding phosphorane; decomposition inl^ 
triphenylarsine oxide and fluorene occurs only on prolonged heating vith 
aqueous alcoholic sodium hydroxide. Its reactivity toward carbonyl 
compounds is about the same as that of fluorenylidenetri-n-butyl- 
phosphorane, since it reacts even with such a poor electrophile as p* 
dimethjlaminobenzaldehyde to givep-dimethylaminobenzalfluorene (29o) 


«i Org. Chtm., 26, 5243 (1061). 

ut p ^ nommer, Ger. pat. 1,108,210 (to BASF) \C.A,, 57, 732o (1962)]. 
ui ^to\p, Gcr. pat. 1,108.220 (to BASF) [C..4., 56, 14165d (1902)]. 

»u ^ Gcr. pat. 1,112,072 (to BASF) [C..4.. 66, 2378d (1962)]. 

Its er, Gcr. pat. 1,124,949 (to BASF) [C.A. 57. 3358c ( 1962)]. 

au 1 ^ nommer. Gcr. pat. 1,120.947 (to BASF) [C.A., 67. lG502f (1962)]. 

ttT V * "" ^'9^^2.472 (to BASF) [C..4.. 66. 413b (1062)]. 

^nG.Co3 (to BASF) (C.^., 57, 2267d (1902)]. 

S U ’-llC-SSl (to BASF) (O.A.. 57, 737a (1902)]. 

»1» \>nrr.^ ’ TJ"7' '7''' (‘o RASF) [C.A., 57, 21 4 3« ( 1902)]. 

Siili »ASF) (C.A., 57. 4591d (1902)]. 

.» ^ P'*'- 1.1:2.00.7 (to BASF) (C..4 .. 57, 3358a (1902)]. 

«» Tp).r™ '•’--■•''-1 <'*’ HA.SF) (C.A.. 57. 3484h (1902)]. 

J. Ory. Ck^r^., 25, 153 (locoj 
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As(CsHs)j 
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+ p-(CHj)2NCjH4 CHO — 


+ (C*Hj.) 3 AsO 

CHCgH^N(CH3)j-p 

295 



The betaine 296 obtained from methylenetriphenylarsorane and benzo- 
phenone can decompose by two different paths,^ After acid hydrolysis, 


(CgHjlsAs— CHj 

(CeHs)3As=CHj + (CgHs)2C=0 -► | 

eO-CiCsHjlj 


{0«Hs),AsO + (CjHsljAs + 


(CjHjljCHCHO 


the products from path A and path B are obtained in about a 1 :3 ratio, 
^'ith antimony as the central atom, the reaction proceeds almost ex- 
elusivelj* 63- path B and l,I-diphen3’lethylene and triphen3-lstibine oxide 
are formed onl3» in traces.^ 

Such an abnormal decomposition of a betaine will occur even in a 
resonance-stabilized ylide if sulfur is used as the central atom.*“ “* In 



*’* Henrj and Wiltig, Am. Ckrm. Sot., 82, 363 (1960). 

•*’ Johnson and LaCount, CAfn*. InJ. {London), 1959. 1440 
Johnson and LaCount. J. Am. Chtm. Sot., 83, 417 (1961). 
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addition, a Sommelet rearrangement has been observed.^® Epoxi es 
have been obtained also from other sulfur ylides and carbonyl com- 
pounds Dimethylsulfoxonium methylide (297), which has recent y 

been prepared from trimethylsulfoxonium halides, has proved to be 
particularly useful; epoxides were obtained in 70-90% yields from 
carbonyl compounds 


O 




© XaH II 

(CH3)3S=0 5. (CH3)2S=CH2 — ^ ^ 

X© 297 

Ri 

\ 

C CH. + {CH3)2S0 


^2 o 


z 

With benzalacetophenone the cyclopropane derivative 298 was obtained 
in 95 % yield 

O 




(CH3)oS=CEU 4- C6H3CH=CHC0C«H 

297 


CgH-CH — CHCOCeHs 


CHo 
298 


The methylene group in methylene triphenylphosphoranes has also 
been replaced by isoelectronic groups. Triphenylphosphine imine (299)f 
for instance, reacts with benzophenone to give benzophenone imine 
(300).^^^ Keaction with an a-keto ester gives an a-imino ester which, on 
cataljiiic hydrogenation, is converted to an a-amino ester as illustrated 
by the synthesis of the alanine ester 301.362 


Cle 


XaXH. _ _ (C.nc).CO « -vttt 

p=]srH > (C6H5)2 C=xh 


{CeH3)3P= 

299 


300 


CHaCOCOjCHj 


CH3CCO3CH3 

li 

XH 


CH3CHCO0CH3 


XH. 


Substituted triphenylphosphine imines such as X-phenyltriphenvl- 
phosphino imine (302) have previously been made to react vith a number 



THE inXTIG REACnOX 385 

Of carbonj^ compounds, «-3S3.3« as illustrated by the conversion of 
diphenylketene to N-pbenyldiphenylketene imine (303). 

(C,H5)3P=NC,H5 + (CjH 3)30=O=0 {CeHsljC^C^NCjHs 

303 

Diethyl phosphoric acid amide anions (304)3« and even N-sulfinvI 
enva ijes (305)“8 undergo the corresponding reaction. In the latter 
case sulfur dioxide is formed as a by-prpduct. 


O© 

(CjHgOJjP^XR 




Wittig reagents have also been made to react with a number of com- 
pounds that undergo reactions similar to those of carbonyl compounds, 
or example, thioben 2 ophenone reacts with methylenetriphenylphos- 

pborane to give l,l-dipheuylethylene.^3,i38 

(C,H5),P=ch2 + (c,H5)2C=S -♦ (CjHj)2C=CHj + (CjHjl^PS 
(76%) (82%) 

Carbon disulfide is converted to thioketenes; thus fluorenylidenetri- 
plienylphosphorane gives the dimeric thioketene 306 in 68% yield.®®^ 



\/ 


J-Jl 

3>» 

M n»wr, Htiv. CAim. Atta. 4. 861 (1921). 


iger »ad M«^r, Btr., 63, 72 (1920). 


•'“1 Emraons. ~A , 

Kreszaaad *" 


Albrecht. Anjete. CAcm.. 74, 781 (1962) 


.CAem.5t>e.,84. 1316(1962). 


IW, and Broeowski. 


CAem. Btr., 95, 3077 (1962). 
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With isocj^anates, the expected ketene imines are obtained only in a 
few casesJ'® 


(C6H:3)3P=C(CeH5)2 + C6H5X=C==0 -> C6H5X=C=C(C6H5)2 

Methjdenetriphenylphosphorane or alkylidene phosphoranes, 
contain a hydrogen atom on the methylene group, undergo a IsUc ae 
addition to the 0 =>lS linkage of phenyl isocyanate.^ 


O O 


^ 2C,U.:s==C=0 


(CeH5)3P=CHCOAH5 4- 


> aH.NHCCCNHCeHs 

!! 

P(C6H5)3 

{C,-K,hV^CO,C^s 

O^CNHCfiHs 


Xitrosohenzene reacts with alkylidene triphenylphosphoranes to 

Schiff bases (azomethines) which can be hydrolyzed to give aldehyde^ 

or ketones For instance, benzylidenetriphenylphosphorane is 

converted to benzaldehyde by way of benzalaniline. This is a gener 

(CcH 5)3 P=CHCcH 5 -f- CeH5X=0 ^ CgH^lSr^CHCcHs 

CeHsCHO -i- CeH5NH3^ 

method for the preparation of carbonyl compounds. Geranylidenetn- 
phenyiphosphorane, for example, has been converted to citral. 

Resonance -stabilized alkylidene phosphoranes react analogous!}" wit 
nitrosobenzene, as illustrated by the conversion of diphenj'lmethylene- 
triphenylphosphorane to benzophenone anil (307).^^ 

(CeH^ljP^CiCgHs), -r 

307 

^itrornethylene triphenylphosphoranes give rise to products containing 
a carbon-nitrogen triple bond in a reaction which is similar to the 
formation of acetylenes by an intramolecular Wittig reaction of ac}h 
methylene triphenylphosphoranes. For example, nitrobenzylidcnctn*' 
phenylphosphorane (30S), in the presence of triphenylphosphine, gives 
benzonitrilc in 75% yield.'^^ 
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(C6H5)3P=CCjH 5 ^ (CjHj),?— C-CgHj 


fl 

N 

/©\ 
eo oe 


CgHjC^— o 


© Q (c,n,)jP 


CgHjCN 


rina%, mention should be made of the reaction of alkylidene phos- 
p oranes with epoxides for which an intermediate betaine similar to that 
occurring in the Wittig reaction has been proposed Styrene oxide 

and other epoxides react with carbethoxymethylenetriphenylphosphorane 
to give cyclopropanecarboxj'lic esters. 


(C«H5),P=chC02C^5 + 


RCH^^ ^CH, 

(^oHsIsP-t-CHCOjCjHs 


{C.Hj),?— CHCOjCjHj 


eo— CHR 


O-i-CH 

I 


RCH— CHCOjjCjjHj 


Ethyl norcaranecarboxylate (309) is formed in 156% yield from cj’clo- 
exene oxide,®^^ Retaliated phosphonate esters*^* and phosphine 


o> + (CgHj)jP=CHC 03 Cj,Hj 


^ ^ undergo analogous reactions. 

®thylethylphenylbenzylidenephosphorane (310), on the other hand, 
I'^acts with st3rrene oxide to give mainly benzylacetophenone (311) and 
° y a small amount of 1,2-diphenyIcyclopropane. A possible mechanism 
»9 shown on p. 


*>l •"d Boskin. J. Am. Chm. Sot., 81, 6330 (19J9). 

»il '*•«. and Boskm, J. Am. Chtm. Sot , 84. 3944 (1962) 

•»» M Hoffmann, and Toscano, CAcm Dtr., 95. 538 (1962). 

»»« Chem.Soc., 84. 676 (1962). 

B»*di-Font. and Vandcr Werf. J Am. Chtm. Sot . 84, 677 (1962). 
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CHaCIL,— P=CHC5H5 -r CHj CHCgHj CH3CH,— P 

1 \ / ! > 

CgH- O CgHj CgHj 

11 


L,CHCeS5 


CHaCBU— P -f C-eH-CH CCgH. ^ CHgCH,— P 


CH3 


CgHs CeHs 


CgHsCHaCHaCCgHa 


EXPERIMENTAL CONDITIONS 

Preparation of Phosphonium Salts 

Triphenylalk3''lpho5phoniuin salts are generally prepared fixmi 
phenyl phosphine and alkyl halides. 

(C.H^l^P -f RX (CgHslsPR 

xs 

Tlie rate of reaction decreases in the series III > RPr !> RCI. 
alky’l hromides are used most frequently because they are often iDorc 
readily accessible than the alkyl iodides. In general, three methods niay 
be used for this reaction. 

1. Liquid halides may be made to react with triphenylphosphin^ 
%vithout the use of a solvent. 

2. The reaction of solid halidc^s \nth triphen^dphosphine may ^ 
carried out in the melt. 

3. Equimolar quantities of triphenylpbosphine and an alkyl halide arc 
allowed to react in a suitable solvent. 

The first two modes of preparation are customarily used only if 
thinl method faib to give the desired phosphonium salts. For examp^-* 
1 .•l-dibroniobutane and tri phenyl phosphine reacd in benzene to 
xnrjm>ph(j'])honium salt 312 in quantitative yield/^ whereas heating 
reartanis without a solvent gives rise to the *bis*phosphonium salt 3l3 m 
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90% yield “ The liis-phosphonium salt 313 can also be prepared from 


Br(CMj)^Br + (CgHjlaP ) (CgH 5 ) 3 p(CHj)gBr 


(CgHs)3P-{CH3),-P(CgH5)j 

Br© Br© 


the monophosphonium salt 312 and triphcnylphosphine either in the melt^^ 
or in a different solvent,*’* In solvents of low polarity, such as benzene, 
xylene, or diethyl ether, bis-halides generaUj- form the pure monophos- 
phonium salts if they are insoluble in the sol vent. Strongly polar 
solvents, such as nitrobenzene, acetonitrile, or dimethylforniamide, 
however, keep the mono salt in solution so that reaction with a second 
equivalent of triphenylphosphine can take place. For example, reaction 
of 1,4-dibromobutane vith 2 moles of triphenylphosphine in acetonitrile 
furnishes the bis-phosphonium salt 313 directly in quantitative 3ield.^ 
Suitable choice of solvents nill thus make it generallj’ unnecessarj* to 
oany out the reaction in the melt. In cliloroform, mixtures of mono- 
and di-phosphonium salts are often formed. 

In addition to its polaritj”, the boiling point of a solvent is also of great 
importance since it determines the maximum reaction temperature 
Unless the reaction is carried out under pressure. The interaction of 
w,tu -dibromoxj’lenes ^lith triphcnj'Iphosphine proceeds much less readily 
m ether than in X3dene. Some alkyl halides, however, give good 3nelds 
011I3' if ether is the solvent.*** In such reactions it is adv'antageous to 
*^***^' out the reaction in a sealed tube at 100-120°.** ** *** 

Nitromethane,*i‘«.iS5.i82 formic acid,**® acetic acid,**® ethyl acetate,**®-*** 
ethanol, acetone,*® butanone or cyclohexanone,*** benzonitrile,**® 
toluene,3T8 tetrahydrofuran*®-*®®-*** have been used as solvents. The 
suits precipitate either spontaneously or on addition of diethyl ether. 

Alk5-1 bromides may undergo an all3dic rearrangement during the 
quaternization, as iUustrated by the reaction of l-brorao-2-meth3'lene- 
cyclohexane.*«-iM 


>71 Henning. Chtm. Btr., 92, 2756 (1959). 

>77 T !“• P®** S** 2«8 (to HofTmann.La Bnche) 53. lS9S3f (1959)]. 

»7> R on, Ruegg, anil Zaller, Htli-. Chim .4eM. 40, 1256 (1957). 

Retsinann and Dusza, Org. Chem., 23, 1243 (1958) 
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© 


^'\^/C!H2P(CgH5)3 

^ ^ + (CeHg)3P -11 Bre 






Complications may also occur in the interaction of triphenylphosphine 
with a-halo carbonyl compounds. Whereas primary a-hromo- a 
a- chloro -ketones give the desired products reaction of secondary 
tertiary a-halo carbonyl compounds with triphenylphosphine in 
presence of water or alcohol leads to the dehalogenated carhony 
c ompoimds 


BrCH^COCeHs - 
(CgHslgP 4- CICH2COGH3 

0 ;^“ +(0.hap52£. 


e 


-> (C6H5)3PCH2C0C6H5 


Br© 

© 


(CgH5)3PCH3COCH3 


^Br 


cr 


a© 

+ (C6H5)3P0 -r BBr 


H,0 


CgH,CCl,COCgH, 4- (CgHg)3B 

CgH-CHClCOCgHs 4- (C6H5)3PO + HCl 

Formation of a triple bond may occur in the absence of water or 
alcohol.^- Not only a-halo ketones but also l-bromo-l-nitroalkanes an 
N-bromoamides react with triphenjdphosphine in this way.®®^ 

CgH^CHClCOCgH^ 4- (CgHglgB 

CgHgCfeCCgHg -f (CgH5)3PO + HCl 

CgHsCHBrXO, 4- 2(C6Hs)3P 

4- (CgH5)3PO 4- (CgH5)3PO-HBr 

CgHjCOXIlBr 4- (CgH5)3P ► 4- (CeH5)3PO-HBr 

Trichloroacetamides react with phosphines and phosphites to 
trichlorovinylamines.“53 


CI3CCOXP.; 4. B'p CUC=C 


/ 


Cl 


RiPO 


''X'P., 
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The mechanism of these reactions may inrolve initial removal of a 
halogen cation by triplienylphosphine;»8^ for instance. 


■ R3P RiPCl + 01^0=0 


\ 


cAho 


\y 

CljG=C 


> Cl2C=C + R'PO 

\ 

NRo 


Such a course appears to be followed in the reaction of phenaeyl bromide 
With triphen3dphosphine in methanol, whereas phenaeyl chloride in 
methanol undergoes simple displacement of chloride to form the 
phosphonium salt.^® 


(CjHslgPCHjCOCgHj 

Cl© 


Halomethylphosphonium salts prepared from dihalomethanes and 
*'^jP^^^ylphosphine are often contaminated by the bis-phosphonium 

3{CsHj),P + 2CH2Br2 -► (CgHsljPCHjBr + (CgHslgP— CHj— PiCgHsla 

Br© Br© Br© 

(10".) (20%) 

The pure compounds can be prepared from the corresponding hydroxy- 
methylphosphonium salts with thionyl chloride or a phosphorus 
pentahalide.«^M 

(CjHgljPCHjOH (CgHjljPCHgCI 

Cl© ® '' Cl© 

(OgHjljPCHgOH {CgHsljfcHgBr 

Br© Br© 

Mention is made of an elegant method for the preparation of phos- 
pnonium salts from alcohols, which are made to react either with 

!!! ‘"d Smith, J.Am. Chtm. Soe , 84, 18S8 (1962) 

“oro^it* »nd Virkh*as, J. Am. CAem. Soe., 85, 2184 (1963). 
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triphenylphosphine hydrohalides or with triphenylphospldne 
presence of proton donors such as hydrogen halides or sulfuric aci 

© 

ROH + (C6H5)3PH 

X© \ e 

(C6H5)3PR + H2O 

^ X© 

ROH -f (C6H5)3P + HX 

The water is removed either by azeotropic distillation or with 
acetic anhydride. Thus ^-ionol and triphenylphosphine hydroc 
react in acetonitrile to give jS-ionyltriphenylphosphonium chloride ( 


x; 


OH ® 

+ (CeH5)3PH 


^^^^P(C6H5)3 


Axerophthyltriphenylphosphonium chloride ( 315 ) is ohtaine 
quantitative yield by the reaction of vitamin A with triphenylphosp 
and hydrogen chloride in ethanol.i28.266 




+ {C,TI,h-P + HCl 

Cl© 


Starting from vinyl-/ 3 -ionol ( 316 ), (/3-ionylideneethyl)triphenyl- 
phosphonium halide.8 ( 317 ) are obtained by an allylic rearrange- 
nient 2w-2c3.2so.28G.201.3s7 


OH + (C^HjljP-HX 


XH,P(CcH5)3 

X© 


317 
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Tho addition of triphenylphosphine hydrohalidcs to conjugated 
sj’stems also leads to phosphonium 



Addition ninj’ also occur to a monodlefin provided that it is sufficiently 

activated 

-f- CHj=CHR ^ (CjH5),fcH2CHR (CjHjlsP— CHjCHj,R 

xe 

(R -co,ii,co,cn,,coxir,,CN,NO,) 

Similarly, the reaction of triphenylphosphine with paraformaldehyde 
in the presence of hydrogen chloride gives rise to hydroxymethyltri- 
phenylphosphonium chloride (318) « 

+ CHjO + HCl (CjHjljPCHjOH 
Cl© 

316 

Thorough washing with benzene usually suffices to purify the phos- 
phonium salts. Purer products are obtained by recrystalhzation from 
higher alcohols or tetrahydrofuran or by precipitating the salts from their 
solutions in chloroform, methanol, or other suitable solvents by addition 
of ether, acetone, or ethyl acetate. Some phosphonium salts are hygro- 
scopic, or they crystallize with the inclusion of solvent molecules and must 
0 dried well under vacuum before they can be used. 


The Wlttig Reaction 


As a rule, the Wittig reagents are not isolated; immediately following 
their generation, they are allowed to react with carbonyl compounds in the 
same reaction vessel. 

The Organometalllc Method. In this method, phenyllithium or 
I* Rtyllithium is the usual proton acceptor, and diethjd ether or tetra- 
ydrofuran the solvent. For smaller runs, Schlenk tubes (Fig. 1) have 
proved to be useful; they are sealed and, if necessary, heated in a water 

Hoffmann, Ber., 84, 1331 (1961). 


f 
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bath. Larger runs are made in a three-necked flask fitted "^th stirrer, 
reflux condenser, addition funnel, and nitrogen inlet tube. If higher 
reaction temperatures are necessary, the ether must be replaced by ^ 
higher-boiling solvent. 

The carefully dried and pulverized phosphonium salt is suspended 
for instance, diethyl ether or tetrahydrofuran and an equivalent of a 
diethyl ether solution of ?i-butyillthium or, preferably, phenyllithiuni 
is added under nitrogen. Ylide formation, which usually occurs 
instantaneously, is evidenced by disappearance of the phosphonium salt 
with the formation of a red or orange solution. 

The yhde solution or suspension so obtained is then treated vith the 
carbon^d compound. As a rule, the phosphonium betaine precipitates 
immediately. Decomposition of the betaine often 
occurs in the cold, especially if the newty formed 
double bond is resonance-stabilized. Heating to 60- /A 
may be necessary. 

When diethyl ether is the solvent, the triphenylphoa- 
phine oxide precipitates as a ciy^stalline adduct vlth 
1 mole of hthium halide and may be removed by fil' 
t rati on. The filtrate contains the olefin. 

Other solvents which keep triphenylphosphine oxide 
in solution are best removed by distillation after the 
reaction is complete. The residue is then extracted 
with petroleum ether in which triphenjdphosphine oxide 
and lithium halides are insoluble. 

The Alkoxide Method. This method uses the alkali metal alkoxides 
as proton acceptors and the corresponding alcohols as solvents. Either 
the phosphonium salt and the carbonjd compound are dissolved iu 
alcohol and then treated with one equivalent of an alcoholic solution uf 
the alkali metal alkoxide, or the components are added successively or 
simultaneously to the alkoxide solution. 

W ith sparingU soluble carbonyl compounds, it is best to dilute the 
a CO lol A^uth a suitable solvent such as methj^Iene chloride or dimethyl' 
omamide. Since base is used in the reaction, its consumption ma^' he 
followed acidimctrieally. Aldehydes and ketones that rcsinify in the 
presence of alkoxides sliould not be subjected to the alkoxide procedure 
)tit Ciin rr adih be u>ed in a modified organometallic mctliod.^^ 

procedure depends on the properties of the resulting 
^ olefin i's iii'ioluble. it can be isolated by filtration. Tri- 
^ phine oxide remains in solution on the addition of up to 
.-o r ant tan thus be s^*prirated from olefins tliat are insoluble in 




THE WITTIO REACTION 


aqueous alcohol. The solvent may be removed by vacuum distillation 
and the olefin isolated from the residue by distillation, crystallization, 
chromatography, or extraction with low-boiling petroleum ether. 
Reactions with Resonance-Stabilized Phosphoranes. Acyl- 
methyleno and carbalkoxymethylene triphenylphosphoranes are stable 
toward water and precipitate as crystalline solids on addition of a base to 
an aqueous solution of the corresponding phosphonium salt. They may 
be recrj’stallized from a mixture of ethyl acetate and petroleum ether. 
Their reaction with carbonyl compounds may be carried out by heating 
in a suitable solvent such as benzene or tetrahydrofuran. It is not 
necessary to isolate the phosphorane; the reaction may be carried out 
just as well by 803’- of the previously described methods. 


EXPERIMENTAL PROCEDURES 


Methylenecyclohexane.2 Method A (Using n-Butyllithium). This 
preparation is described in Orgamc Syntheses, 40, 66 (1960). 

Method B (Using Sodium Hydride in Dimethyl Sulfoxide) Sodium 
hydride (0.10 mole as a 55% dispersion in mineral oil) m a 300-ml. three* 
necked flask is washed with several portions of n-pentane to remove the 
mineral oil. The flask is then equipped with rubber stoppers, a reflux 
condenser fitted with a three-way stopcock, and a magnetic stirrer. 
The S3’stem is alternately evacuated and filled with nitrogen; 50 ml. of 
dimeth}*! sulfoxide is introduced \na syringe, and the mixture is heated at 
75-80° for ca. 45 minutes, or until the evolution of hydrogen ceases. 
The resulting solution of methyl sulfm3’l carbanion is cooled in an ice-water 
bath, and 35,7 g. (0.10 mole) of methyltriphenylphosphonium bromide in 
100 ml. of -warm dimethyl sulfoxide is added The resulting dark red 
solution of the ylide is stirred at room temperature for 10 minutes before 


Freshl3'’ distilled cyclohexanone, 10.8 g (0.11 mole), is added to 0.10 
mole of meth3’lenetriphen3dphosphorane, and the reaction mixture is 
stirred at room temperature for 30 minutes and immediately distilled 
'Wider reduced pressure to give 8.10 g. (86.3%) of meth3denec3'c]ohexane, 
b.p. 427105 mm., which is collected in a solid carbon dioxide trap 
2.2'-Distyrylbiphenyl.”^ To a suspension of meth3denetnphenyl* 
phosphorane, prepared from 0.1 mole of triphenyImeth3dphosphonium 
bromide and 0.12 mole of phenyllithium in 200 ml of diethyl ether, is 
added, under nitrogen, 13 5 g (37 3 mmoles) of 2,2'-dibenzoylbiphenyl, 
and the mixture is shaken at room temperature for 3 da3's. The adduct 
of tnphenylphosphine oxide and lithium bromide is removed by centri- 
fugation and the ethereal soI^QIt^ashed with water The ether is 



396 


ORGANIC REACTIONS 


removed and the residue crj^stallized twice from ethanol to give 11.4 g. 
(85.5%) of 2,2'-di5t3'nrdbiphen3d, m.p. 100-101°. 

o-Divinylbenzene.®“ Triphenj’lmeth^dphosphonium bromide (55 
mmoles) is added to a solution of 2.34 g. (60 mmoles) of sodium amide in 
300 ml. of liquid ammonia. The ammonia is removed, the residue is 
dissolved in 200 ml. of absolute diethyl ether and heated under reflux for 
30 minutes. To the orange-yellow solution of methylenetriphen3dphos- 
phorane is added with stirring over a period of 15 minutes a solution of 
3.75g. (28 mmoles) of o-phthalaldeh3"de in 100 ml. of absolute dieth3d ether. 
The mixture is then heated under reflux for 2 hours. The filtered solution 
is concentrated to 50 mi. and again filtered. From the filtrate, 2.7 g. 

of o-divin3dbenzene, b.p. 75-78°/14 mm., 1.5765, is obtained by 
distillation. 


4,4 -Divinylbiphenyl.^®' A. Biphenyl-4: A' 
phonium cJiIoride), A mixture of 6.3 g. of 4.4^-bis(chlorometh3’’l)biphen3dy 
14.2 g, of triphen3dphosphine, and 50 ml. of dimethylformaraide is heated 
with stirring under reflux for 3 hours. The phosphonium salt begins to 
precipitate after about 20 minutes. After the reaction mixture has cooled. 


the salt is collected 63' filtration, washed with absolute benzene, and 
dried under vacuum at 80°. The 3neld is 85 %. 

B. 4,4 -Divinylhiphenyl. To a solution of 4 g. of the phosphonium 
salt in 120 ml. of absolute ethanol are added successivelv 20 ml. of a 


15% solution of formaldehyde in ethanol and 40 ml. of 0.3J/ ethanolic 


lithium ethoxide. After about 10 minutes the 3’ellow-orange mixture 
deposits 4,4 -divin3dbiphen3d in the form of colorless, shining leaflets. 
The mixture is diluted with 50 ml. of water and allowed to stand in 


a refrigerator overnight. The precipitate is collected b3’ filtration and 

v.ashc*d 'vwth 50% ethanol, giving 4.4'-divinvlbiphenvl, m.p. 153°, in 
B0% yield. . 1.^1 


Benz\ Iidenec\’clopentane.^^^ Triphen3dc3'clopent3'lphosphonium 

ic^ide 40 mmoles) in 60 ml. of absolute ether is treated under 

nitrogen with 40 mmoles of n-butyllithium. Solution of the salt and 
formation of the dark red c 3 xIopent 3 ’Iideneiriphen 3 'lphosphorane occur 
within 2 hours. A solution of 4.3 g. (40.5 mmoles) of benzaldehyde in 
10 ml. of absolute ether i*^ added drop wise with cooling, and the mixture 
ir; then allowed to stand at about 30^ for 10 hours. The clear .solution is 
decaniM from tlu* tri])hon3*Ij)hosphine o.xide, shaken three times v.'ith 
portions of 46% aqueous .sodium bisulfite solution, and then 
w.i^lu^l with water until neutral. Removal of the ether from the 
(in<‘d fcrilcium ehlori<ie) solution followed by vacuum distillation 
givos 4.1 g. (65%) of l>^*nzy]idenecvc]om'ntane. b.p. 123-I24°/i7 mm.. 
4’ 1.5776. 
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Lycopene.«s To a suspension of 100 g. of geranyltriphenylphos- 
phonium bromide in 1 1. of absolute ether is added %vith stirring 200 ml. 
of a nV ethereal phenyllithium solution. After it has been stirred for 
1 hour, the dark red solution of geranylidenetriphenylphosphorane is 
treated within 5 minutes ivith a solution of 20 g. of crocetin dialdehyde in 
500 ml. of anhydrous methylene chloride. The mixture is then stirred 
for 15 minutes at 30® and heated under reflux for 5 hours. Methanol 
(600 ml.) is added in one portion to the warm solution, which is then 
cooled to 10® with stirring. The ciystalline mass is collected by filtration 
under carbon dioxide. The crude lycopene is dissolved in 300 ml. of 
acid-free methylene chloride at a temperature not higher than 40° and 
then reprecipitated with 500 ml. of methanol. The yield of lycopene, 
m.p. 172-173°, is 25 g. 

#ronx-4-Nitro-4'-methoxystilbene.^®® Butyllithium (0.85 g , 0.013 
mole) is added under nitrogen to a suspension of 4.3 g. (O.OI mole) of 
p-nitrobenzyltriphenylphosphonium chloride in benzene and the mixture 
stirred for 2 hours. Anisaldehyde (1.63 g, 0.012 mole) is added, and 
the mixture is stirred at room temperature for 4 hours and then diluted 
with petroleum ether. The dark precipitate is collected and crystallized 
from ethanol, giving 2.23 g. (89%) of tranj-4-nitro-4'-metho.xystilbene in 
the form of j elJow crj-stals, m.p. 131-132.5° 

l,4-DIphenyl-l,3-butadlene.®® To a solution of sodium ethoxide 
prepared from 1.5 g. (65.3 mmoles) of sodium and 100 ml. of absolute 
ethanol is added 18.8 g (4S.3 mmoles) of triphenylben23’lphosphomum 
chloride. The j'ellow mi.xture is stirred vigorouslj^ for 5 minutes, and an 
ethanolic solution of 6.6 g. (50 mmoles) of cmnamaldehj’-de is added 
dropwise, resulting in a disappearance of the color In the course of 30 
minutes more at room temperature the mixture assumes a tan coloration. 
The amount of l,4-diphen3"lbutadiene, m.p 150°, isolated is 8 4 g. (84%). 

1,2-Distyrylbenzene.^*“ A . o-Xf/lylene-bis~{triphenylphosphon{um 
bromide), A solution of 66.1 g. (0.25 mole) of o-xylylene dibromide and 
142.5 g. (0.65 mole) of trip he 03’! phosphine m 500 ml of dimethylforra- 
amide is heated under reflux for 3 hours. The colorless salt, which starts 
precipitating within 10-15 minutes, is collected b3’ filtration after cooling 
and washed successively with dimethylformamide and ether The 3'ield 
of phosphonium salt, m.p. >340°, is 175.9 g (89%). 

B. 1,2-Distyrylbenze7ie. To a solution of 42 5 g. (0 054 mole) of the 
bis-phosphonium salt and 12.6 g. (0.119 mole) of benzaldeh3’de in 150 nil. 
of absolute ethanol is added 500 ml of an ethanolic 0 4 J/ solution of 
lithium ethoxide. The mixture is allowed to stand at room temperature 
for 30 minutes and is then heated under reflux for 2 hours The orange-red 
solution is concentrated under vacuum to 100 ml , and 300 ml. of water 
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is added; the yellow oil that separates is extracted with ether. The 
ether is removed, and the residual oil is chromatographed on aluminum 
oxide. Elution vdth low-boiling petroleum ether and re crystallization 
from aqueous ethanol give 12.7 g. (84%) of 1,2-distyiydhenzene in the 
form of colorless needles, m.p. 117-119°. 

p»biS“(4-Carbomethoxystyryl)benzene.^®^ To a solution of 54 g. 
(0.121 mole) of 4-carhomethoxybenzyltriphenylphosphonium chloride and 
6 g. (0.0448 mole) of terephthalaldehj^de in 600 ml. of ethanol is added 
600 ml. of 0.2M ethanolic lithium ethoxide. A pale yellow crystaUine 
precipitate forms immediately. Water (600 ml.) is added after 30 
minutes, the precipitate is collected by filtration and washed with 200 ml. 
of 60 % ethanol. The yield of p-bis-(4-carbomethoxystyryl)benzene, m.p. 
290°, is 13 g. (73%). 

p-bis-(4-Phenylbutadienyl)benzene. Method A, From p- 
C 6 H 4 [CH=P(CoH 5 ) 3 ] 2 .^^® a solution of lithium ethoxide prepared from 
1.74 g. (0.25 mole) of lithium wire, and H. of ethanol is added to a solution 
of 70 g. (0.10 mole) of p-xylylene-bis(triphenylphosphonium chloride) and 
35 g. (0.26 mole) of cinnamaldehj^de in 250 ml. of ethanol. After the 
reaction mixture has been left at room temperature for 12 hours, the 
yellow precipitate is collected by filtration, washed with 300 ml. of 60% 
ethanol, and dried under vacuum at 70°. The yield is 29-32 g. (87-95 %). 
The crude juoduct may be converted to the all-fra??.? isomer with iodine 
in xylene; after crj’Stallization from dimethylform amide, it melts at 
290-293°. 

Method B. From Terephthalaldehyde,^^ To a solution of sodium 
ethoxide prepared from 1 g. (43.5 mmoles) of sodium and 120 ml. of 
absolute ethanol are added successively 19 g. (41.4 mmoles) of triphenyl- 
cinnamylphosphonium bromide and a solution of 3 g. (22.4 mmoles) 
of tcrcphthalaldchydc in 40 ml. of absolute ethanol. The mixture is 
heated to 80° for 20 minutes, and the solids are collected by filtration and 
washed with water and a little ethanol. On cr^^stallization from xylene, 
6.0 g, (87%) of 7i-bis-(4-phcnylbiitadienyl)benzene, m.p. 278-279°, is ob- 
tained in the form of yellow needles. 

l-Chloro-2,6-dimethyl-l,5-heptadiene.^^® To a mixture of 340 g. 
of triphenylchloromethylphosphonium chloride, 86 g, of piperidine 
(previously dried over sodium), and 400 ml. of diethyl ether a solution of 
1 mole of phenyllilhium in 900 ml. of diethyl ether is added drop wise at 
room l<.*mperature over a period of 3 hours. After 1 hour, a solution of 
126 g, of 2-methylhept-2*en-6-one in 100 ml. of diethyl ether is added over 
a ]>enod of 2.^ hours and the mixture is stirred overnight. The crystalline 
precipitate is collr^ctcd hy filtration and washed with ether. The ether 
*•* <t. Kuhriflj rvSiil W. 1'. nrTH*l.ofr, rt‘<«*nrrh. 



TIIK WITTIQ RKACTIOX 


399 


and piperidine arc removed from the filtrate by distillation, low-boiling 
petroleum ether is addctl to the residue, and the triphenylphosphine 
oxide, which precipitates after a few* hours in a refrigerator, is removed. 
Chromatography on aluminum oxide followed by distillation gives 134 g. 
(85%) of l*chloro-2,G-dimothjl-I,5-hcptadienc ns a colorless liquid, b.p. 
Cn-72“/14 mm., 1.4GS7. 

Methoxymcthylcnccyclohexane,"^®'^** To a suspension of 21,25 g. 
(G2 mmoles) of methoxymethyltriphenylphosphonium chloride in 200 ml, 
of absolute ether is added under nitrogen at room temperature a solution 
of CO mmoles of phenylhthium in ether. The reaction is slightly exo- 
thermic, and part of the orange-yellow methoxymethylenetriphenyl- 
phosphorano precipitates from the dark red solution. After 10 minutes 
the mixture is cooled to —30“, and 5,88 g. (GO mmoles) of cyclohexanone 
m 10 ml. of ether is added dropwise. The triphenylphosphine oxide is 
removed by filtration after 15 hours at room temperature. Distillation of 
the filtrate gives 5.4 g. (71 %) of methoxjTnethylenecyclohexane, b.p. 
7474 s mm., 1 4707. 

A small sample is heated in ether with 70% perchloric acid, and the 
hcxahydrobcnzaldchydc so obtained is converted to its 2,4-dinitro- 
phenylhydrazone, m.p. IG8-1G9®, in 84% yield 

2-BenzyI-5-phenyl-2,4-pentadlenoIc Acid.'*® A. Benzylcarbo- 
fnethoxymethylcnetriphenylphosphorane Benzyl bromide (1.5 ml.) is 
added to a solution of 5g. of carbomethoxymethylenetriphenylphos- 
pborane in ethyl acetate, and the mixture is heated under reflux for 
5 hours. The precipitate of triphenyl carbomethoxymethyiphosphonium 
bromide (2.C9 g., 87 %) is removed by filtration, the filtrate is concentrated 
under vacuum, and the residue is digested several times with ethyl 
acetate. The yield of yhde, m.p. 18G-187“, is 2.8 g (75%). 

B. 2-Bcnzyi-5-pAeni/Z-2,4-p6nta£/ieKoic Acid A mixture of 10 g. of 
the ylide, 3.23 ml of cmnamaldehyde, and 400 ml. of ethyl acetate is 
heated under reflux under nitrogen for 24 hours The solvent is removed 
from the extracts, and the residue is heated under reflux with 10% 
aqueous mcthanolic potassium hydroxide for 1 hour. After cooling, a 
ten-fold amount of w-atcr is added, and the remaining triphenylphosphine 
oxide that precipitates is removed by filtration The filtrate is con- 
centrated to 100 ml., cooled, acidified with sulfuric acid, and extracted 
with ether. The dienoio acid (6.2 g., 83,3%) is isolated from the dried 
ether extracts in the form of cream-colored needles, m.p. 180-181 

Phenylproplollc Acid. Method A. Via a-Bromocinnamic AcidM’ 

(a) Bromocarbomethoxymethylenetriphenylphosphorane, To a ■vigor- 
ously stirred solution of 3.35 g. (10 mmoles) of carbomethoxymethylcne- 
triphenylphosphorane in 50 ml. of benzene is added 0.8 g. (5 mmoles) of 
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bromine. The precipitated phosphonium salt is removed by filtration, 
and the filtrate is concentrated to dryness. The oily residue solidifies 
after a short period to give 1.6 g. (77 %) of the crystalline bromo ylide. 

(6) Phenylpropiolic Acid. A mixture of 4.15 g. of the bromo ylide, 
1.1 g. of benzaldeh\'de, and 30 ml. of benzene is heated under refiux for 
2 hours. The solvent is removed by distillation, and the residue is heated 
under refiux with 4 g. of potassium hydroxide in 30 ml. of methanol for 
4 hours. The methanol is removed under vacuum, and the residue is 
extracted with 50 ml. of water. Acidification of the aqueous solution 
gives a precipitate of 1 .2 g. (82 % yield) of phen 3 ’lpropiolic acid in the 
form of fine colorless needles, m.p. 136-138^. 

ilcihod B. By Intramolecular Witlig Beadion?^’^^ (a) Benzoyl- 
carbomethox 3 Tneth\’lenetriphenylphosphorane. Carbomethoxymethyl- 
cnetri phenyl phosphorane (6,7 g., 20 mmoles) is dissolved in 50 ml. of 
dry benzene with warming. To the cooled solution is added dropwise 
with vigorous stirring a solution of 10 mmoles of benzoyl chloride in 10 
ml. of benzene. The mixture is left at room temperature for 3 hours, 
and the precipitated phosphonium salt is removed bj" filtration. The 
j’lide, m.p. 136-137®, is isolated from the filtrate in 74% ^ield. 

(6) Phen 3 'lpropiolic Acid. The ylide (1.0 g.) is heated to 220-260® at 
0.05 mm. pressure for 15 minutes. The distillate is dissolved in methanol, 
3 ml. of concentrated sodium hj’droxide solution is added, and the 
mixture is allowed to stand at room temperature for 24 hours. The 
methanol is removed under vacuum, and 30 ml. of water is added. 
The triphenjdphosphine oxide is removed by filtration, and the filtrate is 
acidified with a small amount of concentrated hj^drochloric acid, giving 
phem’lpropiolic acid, m.p. 135-136®, in 73%3'ield. 

Ethyl C\’clohex\dideneacetate.^ To a suspension of 2.4 g. (0.05 
mole) of sodium In’dride in 100 ml. of dry ghxol dimethj'l ether is added 
drop\rise at room temperature 11.2 g. (0.05 mole) of dieth\’l carbethoxy- 
meth^iphosphonate. The mixture is stirred for 1 hour until gas evolution 
stops, and then 4.0 g. (0.05 mole) of cj'clohexanone is added dropwise at 
a rate to keep the temperature below 30®. The mixture is stirred at 
room temperature for 15 minutes, during which time a viscous oil separates. 
A large excess of water is added, the ether la\xr is separated, dried %vith 
magnesium sulfate, and distilled under vacuum to give 5.8 g. (70%) of 
ethyl cyclohexylidcneacetate, b.p. S8-00®/10 mm., 1.4704. 

TABULAR SURVEY 

Tables 1 and II mainlv* thoH* phosphonium .salts, [{C^H^ljPRjX, 
that have Ikxh U'ed as starting material for the Wiltig redaction. The 
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entries are arranged in the order of increasing number of carbon atoms in 
the alkyl group R. Within each group of salts having the same number 
of carbon atoms in the alk}*! group, the entries follow the Beilstein system. 

Tables III, IV, and V also list alkylidene phosphoranes that have not 
been used in Wittig reactions with carbonyl compounds. 

Table VI deals only with those ylides that have been used to prepare 
olefins. The entries are arranged in the order of increasing number of 
carbon atoms in the alkylidene portion of the ylide. Under each ylide 
the olefins prepared from it are listed in the order of increasing number of 
carbon atoms in the olefin. In this table are also included olefins for 
whose preparation no details were given in the original reports. 

In all the tables, yields are entered only when they were reported in 
percentages in the original reference. 

The literature has been reviewed to January 1, 1963, and some later 
work has been included. Work reported in patents has been included 
only when the patent description was detailed. Because of the nature 
of the topic being reviewed, it is difficult to avoid missing occasional 
isolated examples of the Wittig reaction. It is hoped that these omissions 
are few. 
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Acetoacetic ester condensation and re- 
lated reactions, 1 
Acetylenes, S 

Acj'Iation of ketones to ^-Kliketones or 
P-keto aldehydes, 8 
Acyloins, 4 

Ahcyclic and aliphatic nitro compounds, 

12 

Aliphatic fluorine compounds, 2 
Alkylation of aromatic compounds by 
the Friedel-Crafts method, 3 
Alkylation of esters and nitriles, 9 
a-Amidoalkylations at carbon, 14 
Araination of heterocyebe bases by al- 
hali amides. 1 
Arndt-Eistert s>'nthesis, 1 
Aromatic arsonic and arsime acids, 2 
Aromatic fluorine compounds, 5 
Aiylation of unsaturated compounds by 
diazonium salts, 11 
Arlactones, 3 

Baeyer-Villiger oxidation of aldehydes 
and ketones, 9 

Beckmann rearrangement. 11 
Benzoins, 4 
Biaryls, 2 

Bischler-Napieralski synthesis of 3,4- 
dihydroisoquinolines, C 
Buchercr reaction. 1 

Cannizzaro reaction, 2 
Carbon-carbon alkylation witli tinimcs 
®nd ammonium salts, 7 
Catalytic hj'drogcnation of esters to al- 
cohols, a 

Chapman rearrangement. 14 
Chloromcthylation of aromatic com- I 
PouniLs, 1 

Clnigacv reaction, 12 
Claisen rearrangement, 2 
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CIcaaage of non-enolizable ketones 
uith sodium amide, 9 
Clemmcnsen reduction, 1 
Coupling of diazonium salts with ali- 
phatic carbon atoms, 10 
Curtius reaction, 3 
Cj-anoethylation, 5 

Cyclic ketones by intramolecular acy- 
lation, 2 

CyclobutancS from thermal rycloaddi- 
tion reactions, 12 

Cyclobutenes from thermal cyeloaddi- 
tion reactions, 12 

Darzens g^’cidic ester condensation, 5 
Demjanov and Tiffencau-Dcmjanov 
ring expansions, 11 

Desulfurization with Raney nickel, 12 
Diels-Alder reaction: cthjlcnic and ac- 
etylenic dienophilcs, 4 
Diels-Alder reaction with cyrlenoncs, 5 
I Diels-Aldcr reaction with maleic anhy- 
dride, 4 

Direct Eulfonation of aromatic hydro- 
carbons and their halogen denva- 
tives, 3 

Ctbs reaction, 1 

DpoMdation of cthjlene compounds 
with organic pcracids, 7 
Favorskii rearrangement of halokc- 
toncs, 11 

Tree radical additions to olefins and 
nrctviencs to form carbon-carbon 
bonds, 13 

Free radical adJifinns to olefins and 
acetylenes to form carbon-hctcro 
atom bonds, 13 

Fridiet-Crafls reaction with aliphatic 
ilib'iuc acid anhjdndcs. 3 
Fries reaction, I 
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Since the tables of contents of the mdividual chapters provide a quite complete 
index, only those items not readily found from the contents pages are indexed 
here. 

Numbers in boldface type refer to experimental procedures 


N-Acetoxymethylstearamide, 131 I Alkylidene phosphoranes, reaction 

2-(o-AcetyIaminobenzyl)-4-nitropheno), with, halogens, 298 


128 

Acetylenes from phosphoranes, 298, 
377-^78, 390 

Acid chlorides, addition to imines, 98 
Acridones, preparation, 15-18 
3-Acyl-2,4-dipheny]-2-pyrido[3,2-ft]- 
ri,3]benzo\a*ines, 75 
Aethusanol B, 356 
N,N -Alkylideaebisamides, 58 
Ikylidene phosphoranes, see also Phos- 
phorane(s) 
addition to C=C, 301 
alkoxymethylene, decomposition, 288, 
347 

allyhdene, 282 
bifunctional, 286 
Mtitaining basic substituents, 378 
Hofmann elimination from. 284-285, 
291, 351 

hydrolysis, 291-292 
Michael addition, 302, 386 
oxidation, 299 

preparation from diazo compounds, 
289 

reaction with; acid chlorides, 295 
a«ds, 291 
alkyl halides. 293 
boron compounds, 302 
carbon disulfide, 385 
carbonium salts, 305 I 

diazo compounds, 303-304 
diazonium salts. 303-301 
epoxides, 3S7 
esters, 295-297 

halogenated phosphines, 299 I 


imidazolides, 297 
isocyanates, 386 
ketenes, 295 
mercury halides, 299 
nitriliura salts, 305 
nitrosobenzene, 386 
silicon halides, 299 
sulfur, 301 

thiobenzophenone, 385 
tin halides, 299 

trialkyloxonium fluoborates, 293 
rearrangements, 287, 328 
reduction, 299 

trons-ybdation, 293, 295, 298, 304 
Alkyl imidates, elimination to form 
olefins, 27 

rearrangement to amides, 24-30 
N-Alkylolamides of halogenated alde- 
hydes, 93-98, 100, 103 
Alkyl phoisphonate ester anions, 381-382 
Allenes, preparation, 295, 332 
a-Amidoalkylation, 52-269 

of piperazme-2,5-dione, 86 

of rhodanine, 86 
Aminomethylatmg agents, 76 
Aroyldiarjdamraes, preparation, 9-13 
^J-Aryl-^-acylaminopropiomc acids, 84, 

85 

p-Aryl-a^-dmcj laminopropiomc acids. 

85 

^-Aryl-a,^-diaminopropionic ands. 85 
Axerophthene, 363, 364 

,3-Benzamido-^j9-dipbenylpropionitriIe. 

129 
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Goldberg synthesis of diarylammes, 19, 

22 

Halogen-metal interchange, 287 
“Hipparaffin," 104 

Hofmann elimination from phospho- 
ranes, 284-283, 294, 351 
Homoisoprcnovitamin A acid, 365 
N-{2-H j dro \y-3 ,5-di m c t hy 1 ben zy 1) -N 
phenylurea, 126 

N-(2-nydroxy^,5-dinitrobenzyl)- 
phthatimide, 124 
2-Hydroxypteridine, 78 

Jourdan synthesis of diarj'lamines, 19 

Kefazines, 273 

Lander rearrangement, 24-26 
Lycopene, 360, 397 

Mannich reaction, comparison with 
Tscherniac-Einhorn reaction, 63 
2- and 4-Metho\ybenzylaminc, 126 
Methoxymethylenecyclohexane. 399 
Methyl angelate, 313 

5- Metliyl-l,2-benzacridone, 42 
Methyl N-benzoyldiphenylamtne-2-car- 

boxylate, 40 
Methylbixin, 338, 367 

6- Methyldiliydrodesoxy codeine, 375 
Methyl 2,6-diiodo-4’-methoxydiphenyl- 

amine-4-carboxylate, 41 
N,N'-Methylenebisben 2 amide, 107 
N,N -Methylenebischloroacetamide, 132 

Methylenebisnaphthol, 74 

N »N'-Methylenebisp heny lacetamide, 

107 

NjN’-Methylenebis-p-toluamide, 131 
Methylenecyclohexane, 395 
Methylenediamme, 107 
l-Methylenepyrrolizidme, 374 
Methylene steroids, 368-374 
N-(2'.Methyl-5'-mtrobenzyl)-2-pyrrol- 
idinone, 125 

N-Methylolamides, reactivity, 59 
N-Methylo!phthahmide,59, 64, 130 
-Mcthyloltiiflnoroacetamide, 64, 130 
Methyl figlate, 313 


M on oalkylani lines, preparation, 25 
Mumm rearrangement, 31-32 

trons-4-Nitro-4'-me thoxyst ilbene, 397 

Oenanthetol, 355 
Olefins, 315-377 
from epoxides, 306 
symmetrical, 300 
tritium-hbeled, 319 

^-Patchoulene, 375 
N-Phenylanthranilic acids, 14-15 
N-Phenylbenzimidoyl chloride, 38 
p.bis-(4-Phenylbutad lenyl) benzene, 398 
Phenyl N-methylbenzimidate, 5 
N -Phenyl oxmdole, 12 
Phenylpropiolic acid, 399 
Phosphate ester amide amons, 385 
Phosphazines, pyrolysis, 273, 289 
Phosphinate ester anions, 382 
Phosphine oxide anions, 379 
Phosphorane, benzoylcarbomethoxy- 
methylenetnphenyl-, 400 

benzylcarbomethoxymethylenetn- 

phenyl-, 399 

bi omocarbomethoxymethylenetri- 

pheny!-, 399 

cyclopentadienyJidenetripheny]-, 277- 

278 

fluorenylidenetnphenyl-, 275, 278, 279, 
289, 292, 309, 379 

nitrosomethylenetripheny]-, 385-387 
Phosplioranes, see also Alltylidene 
phosphoranes 

acylmethylene tnphenyl-, 276 
dilialomethylene tnphenyl-, 290 
fluorenyhdece tnalkyl-, 275, 278 

Phthahmidoacetonitrile, 88 

Phthalimidomethyl formate, 103 

3- Phthahmidomethylindole, 76 

4 - PhthalimidomethyM-naphthol-8-siil- 

fonic acid y-sultone, 127 
Pinner fission, 26, 31 

Polymerization, during Witfig reaction, 

329 „ 

of N-methyblfuranamides, 67 

Pyrazines, 109 

l,2-bis-(3-Pyrenyl)eth>lene, 325 
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Rearrangements, allylic, 389, 392 
Chapman, 1-51 
of ac 3 "l imidates, 31-32 
of alkoxj" quinazolines, 33 
of alkylidene phosphoranes, 287, 328 
of alkj’l imidates, 24-31 
of aroyl aziridines, 35 
of aryl amidines, 35 
of arj'lox}^ quinazolines, 33 
of and thioimidates, 34 
Reformatsky reaction, comparison with 
Wittig reaction, 340 
Pcoyal jelly, 376 

Sodium benzamidomethanesulfonate, 

77 

Squalene, 367 

Stearamidometbylpyridinium chloride, 
132 

Sulfanilamidomethylation, 79-80 

Tetraethyl propane-1, 1,33-tetracarbox-* 
ylate, 82 

Tetraphenylallene, 354 
Thiopyrimidines, 90 
Torularhodin, 365 
Torulin, 358 

2,4,7-Tribromoacridone, 42 
Trichlorovinylamines, 390 
Trinitromcthanc, 79, 80 
f^ym-Triphenylbenzene, 328 
Triphenylphosphine, addition of car- 
ben cs, 2S9 

reaction with benzoquinone, 290 


Triphenylphosphine, reaction “^nth 
a-haloketones, 390 
Triphenylphosphine imine, 384 
Tschemiac-Einhom reaction, 63-70, 7/ 

Ullmann condensation, 19-23 

Vinyl thioethers, 348 
Vitamin A, acetate, 363 
acid, 362 

acid esters, 362, 364 
methyl ether, 361 
Vitamin A 2 , 363 
acid methyl ester, 363 
carbonitrile, 344 
Vitamin D 2 , 373 
Vitamin D 3 , 373 

Vdttig reaction, 270-490 
asj'mmetric induction in, 381 
cataU'sis by benzoic acid, 277, 337 
formation of cis-irans mixtures, 283, 
307, 312-316, 317, 320, 324, 330, S41- 
343, 355, 359, 368, 377, 379 
sj'mmetrical olefins from, 300 

o-Xjdylene-bis-driphenylphosphonium 

bromide), 397 

YIenes, 273; cho Alkjdidene pbos- 
phoranes; Phosphorane(s) 

Ylides, 273; zee also A 1 k>didene phos- 
phoranes; Phosphorane(s) 



